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THE TEST ENGINEER'S DILEMMA—how to 
develop and dry large quantities of test data 
on rolled sensitized paper—is solved by Con- 
solidated’s new Type 23-109 Oscillogram 
Processor. Built for Operation at the actual 
testing site, this self-contained instrument, capable of process- 
ing records as rapidly as 15 feet per minute, requires no 
external water supply and can be used in daylight or in a 
normally illuminated room. Simplified loading, processing and 
unloading techniques permit operation by personnel without 
previous photo-lab experience. The Type 23-109 processor is 
compact, portable and fast, requiring only electric power for 
the paper-transport motor and the drying drum. Where the 
problem ts to save time in processing voluminous test data on 
photo-record paper, CEC’s new oscillogram processor is the 
practical answer. Write for Bulletin CEC 1537A-X7. 
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Need Vacuum-Melted Metals 
in 1000-pound 


Quantities ? 


Stokes is building practical 

vacuum furnaces to supply that 

need .. . designing for 2000-pound 

jobs . . . planning for 5000-pound 

units . . . for melting and casting 

gas-free metals of extreme purity, high 

eae ices nae ales ductility and great strength. These furnaces 
and casting gas-free metals . ° . - 

= a apres thy cena tat are used also for sintering, annealing and degassing. 


purity, high ductility, 
great impact and rupture 


You can have Stokes vacuum furnaces for top or bottom pouring, for 


strength, improved creep : ; ‘ F ‘ : 
single or multiple ingots, for centrifugal castings. We build tilting type 


resistance and exceptional 


performance qualities. ; : . : ; 
induction-heated melting furnaces of 10 to 1000 pounds capacity; mov- 


able retort resistance-heated furnaces for degassing and annealing in 10, 
290 and 30-inch retort sizes; resistance-heated furnaces with removable 


heat source or with bell-type retort; two-zone furnaces with movable 


We supply complete, integrated “package” units engineered completely 
and specifically to meet the particular need for vacuum pumping 
capacity, heating input and any mechanical actuation required to con- 


trol operations in the vacuum chamber. 


Most important... we bring to every vacuum furnace problem the value 
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+ of 40 years’ practical experience in building vacuum equipment and 


guiding its installation and adjustment to efficient operation in the field. 


J. STOKES MACHINE COMPANY, PHILADELPHIA 20, PA. 


i facuun imps and Gages / Industria! Tabletting, Powder Metal and Plastics Molding Presses / Pharmaceutical Equipment 


STOKES MAKES: High Vacuum Equip 
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Kel-F* hermetic sealing terminals 


IRC’s new FEED-THRU TERMINALS provide 
assured hermetic sealing for electrical and electronic 
components. Exclusive IRC molding technique 
ponds Kel-F* to metal in a superior and = , " 
(wet 
consistent hermetic seal. Type HS-1 terminals are C= _ - oe 


designed to the sealing requirements of SLOCTRICAL CHARACTERISNCS — 
MIL-T-27. Send coupon for data bulletin. limitations of other types of 
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MATERIAL 











Central Conductor 


oy 
a 


Phosphor Bronze 


Body *Kel-F (Trifluorochloroethylene polymer) 


Flange 


Brass 


Finish Natural or tin plated 


SPECIFICATIONS 


Current Rating 

Dielectric Strength 
Corona Starting Voltage 
Air Pressure Test 
Terminal Pull Test 
Torque Test 
Insulation Resistance 
Maximum Continuous Operating Temperature 
Short Time or Intermittent Operating Temperature 


*Trademark—M.W. KELLOGG CO. 


Voltmeter Multipliers * Boron & 
Deposited Carbon Precistors « 
insulated Composition Resistors « 
Power Resistors« Volume Controls 
« Low Wattage Wire Wounds « 


Precision Wire Wounds ¢ Ultra HF 
and Hi-Voltage Resistors « Low 
Value Capacitors « Selenium 
Rectifiers « Insulated Chokes « 
Hermetic Sealing Terminals « 
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Wont more information? 


15 amps. 


5000V (RMS) 60 cps 
over 2000V (RMS) 60 cps 
20 pounds/sq. in. 


7 pounds 


10 inch ounces applied to central conductor 
over 10,000,000 megohms 


150°C. 
200°C. 


\ 


hermetic sealing terminals 
are all fully overcome. 


I 


MOLDED KEL-F* BODY — 
chemically inert to organic 
solvents, acids, oiis, fumes. 


ee oe 


RUGGED CONSTRUCTION — 
tough and resilient; withstands 
constant vibration. 


iRC’S KEL-F* MOLDING TECHNIQUES 
ARE AVAILABLE FOR CUSTOM 
MOLDING. INQUIRIES ARE INVITED. 


INTERNATIONAL RESISTANCE CO. 
419A. N. BROAD STREET, PHILADELPHIA 8, PA. 


in Caneda: International Resistonce Co., Lid., Toronto, Licensee 
Please send Technical Bulletin HS-1, describing hermetic 
sealing terminals: 

Nome 

Tithe 

Company 


Address 


Use post card insert in this issue 





AEC Laboratory 
is Health-monitored pow 


with AIR-EQUIVALENT 
G-E lonization Chambers 


Because they are air-equivalent, and therefore easily 


adaptable to dose-rate measurement. General Eleetris 


ionization chambers are being used by the Knolls Atomi 
Power Laboratory, Schenectady, New York, as a means 
of in-plant as well as environmental radiation health 


monitoring. 


PROVIDES CONTINUOUS RECORD 

The G-E air-equivalent ionization chambers, used in 
conjunction with amplifiers and recorders, provide the 
Health Physics personnel at KAPL with a permanent log, 
in addition to a continuous indication, of plant radiation 
levels. Daily checks of the equipment provide an accurate 
indication of radiation concentration, and therefore, the 
exposure of personnel to excessive radiation may be 


avoided. 


WIDE APPLICATION 

In addition to radiation monitoring in AEC plants, such 
as the Knolls Atomic Power Laboratory, the General 
Electric device is also ideal for monitoring x-ray instal- 
lations, for civil-defense radiation detection. and lor 
monitoring in industrial laboratories and plants which 
handle radioactive isotopes. 

The G-E air-equivalent ionization chamber is priced at 
$113.10.* For further information. contact vour nearest 
\pparatus Sales Office or write for Bulletin GEC-828 to: 
Section 605-61, General Electric Co.. Schenectady. N. Y. 


Monvufacturer’s suggested ret t e 


GAMMA MODEL measures gamma rays and x-1 \ similar CONTINUOUS INDICATION and a permanent log of area radiation 
model chamber will detect: beta, gamma, and but will levels are easily provided by the General Electric air-equivalent ioniza 


not distinguish the beta rays from the gamma and x rays. tion chamber, an amplifier, and a photoelectric recorder, 


GENERAL @@ ELECTRIC 











NUCLEONICS 


JANUARY, 1954 


Jerome D. Luntz, Editor 


Time for Boldness 


mai IN JANUARY Congressman W 
Sterling Cole, chairman of the Joint Com- 
mittee on Atomic Energy, is scheduled to intro- 
duce in Congress a bill proposing major amend- 
Atomic 1946 
Shortly thereafter about six weeks of public 


ments to the Energy Act. of 


hearings will be held. Mr. Cole expects that a 
final version of the bill will be reported out of his 
committee by late spring of 1954. 

Despite the fact that a bill will be introduced 
recommending changes in the law permitting 
idustry to work in the reactor field, there is 
still some disagreement on whether this is the 
time for such changes to be made. 

In the hearings before the Joint Committee 
ast summer, industry was singularly disunited 
n its over-all position and particularly lax in 
presenting a strong case for the need for a change 
now. The fate of the proposed amendments 


may rest on the merits of arguments on this 
ast point 

\lthough there are many reasons why the law 
should be changed now, Congressmen still ask 
industry this one question: “How much money 
They 


bring it down to the level of “put up or shut up.”’ 


W'! AREN’T CONVINCED that this is a logical 
basis for decision on such crucial legisla- 


tion But the realities of life should be faced 


s your company prepared to put up?” 


We believe industry is in a position to “put up” 
and that it 


of the forthcoming hearings. 


should do so before the conclusion 
The impact on the 
Congress of such an action would be considerable 

There are three possible ways that industry 


ean “put up.” By announcing: 


1. That it wants to build a full-scale plant 
2. That it wants to build a pilot plant. 
3. That it wants to builda “package” reactor 


\lthough it appears quite likely that, legisla- 


tion permitting, some one industrial group will 


be ready to invest its own money in a full-scale 
plant within the next year or two, it is highly 
unlikely that this will happen within the next 
several months. This would eliminate the first 
possibility above 

Both the second and third seem to be quite 
possible as far as the ability of a group to line 
up the necessary funds is concerned, but the 
second is quite controversial from the point of 


view of technical desirability 


| ies MOST PLAUSIBLE may be the 
package reactors. Some advocate 


the best route to economic nuclear power under 


third 

this as 
circumstances. But) our here is 
“best”? plan but rather t« 


any purpose 


not to suggest a sug- 
gest a means for getting this industry going, a 
means to assure legislative action 


An analysis (NU, April 753, p. 32 


nuclear 


of the mar- 


ket for high-cost “ package”’ power 


showed that there are a number of very inter- 
esting markets at various military installations 
e.g., Thule Air Base, 
fe kwh for power). It is predicted by 


that reactors to produce say 5,000 kw to serve 


Greenland, now pays 


many 


such needs could be built for $8—-5-million, with 
te kwh 


Thus it would seem quite feasible for a group 


the power costing perhaps 2!» 


of companies to raise the money for such a 
project. This then say to the 
Joint Committee on Atomic Energy: ‘We have 


$\V-million that we’d like to use to build a small 


group might 


power reactor at some U.S. military installation. 
We'll operate the reactor and sell the power to 
Maybe 
What's 
important is that we'll get the experience, the 
Most importantly, 


the military at an agreed unit price 


we'll make a profit. Maybe we won't 
know-how. We'lltrain men. 
we want you to know that industry is seriously 
interested in the atomic energy industry.”’ 
Could the Congress turn its back on such a 


We don’t think so 


proposal ? 








British 
Developments in 
Atomic Energy 


SIR CHRISTOPHER HINTON, Deputy Controller, Atomic 
Energy (Production), Ministry of Supply, London, an- 


swers these and other questions. 


Who does the actual work in development of atomic energy in Britain? 


Why? 


What progress has been made, and what is the pattern of future development? 


When will British industry enter the nuclear power field? 


Why is reactor safety the biggest problem facing industrial nuclear power? 


WuiLke THE Britisu ator 
ganization was set up in the sy 
1946, [ think it would be 
imagine that, on peacetime 
you in the United States 
three vears’ lead over us 

of the early scientifie work 
done in’ England and, priot 
there had been some s 

trial implications. But 

it was agreed between vou 
and our Prime Minister 

of the research and product 
aimed at the production of tl 
bomb should be done 
Three vears of intens 
development work in time of 
great industrial firms ear 

to turn their resources | 

ect, and when it can rea 

a higher proportion | 

sources than would be 

time of peace, is wort! 

In terms of postwar 

gest that you had an 
something like six vears ¢ 


During those wartime 


istrial organizations that did such 
gnificent work in the production of 
le material had obtained an ex- 
rience of and interest in) atomic 
which must have made it easy 
de many of them to continue 
ifter the end of the wat 
i very different position 
sritish) firm had an established 
itomic energy, and I need not 
ou that in 1946, British in- 

Wiis DussiIng through be | 

period Its resources 

upied in turning back 
r to peace production and in build- 
ng up the exports that were a nation: 


, t 1 
ecessil 


Two Different Systems 


| rvelyv as result of these condi- 
tions, the British atomic organization 
forced to adopt a different form 
that which vou have adopted in 
the United States As | understand 
organization formulates policy 


lirects operations, but the execu- 


work, whether on research, on 


onst 
It is 


ind virtually all of 


riven us a close 


qd construction of tactories 
r operation, Is carried out for 
British or- 


ion, on the other hand, itself 


ontractors dur 


out most ol s own research 


ts own design 


uction and operation 


worth while t < at the rela- 


advantages and disadvantages ol 


vo systems I suggest that ours 


coordinated or- 


ion in which ever branch Is 


of the work going on In 


lepartments Because of this 
that the organization has been 


mical in its use of staff and has 


results that would have de- 


i grentel fort had the WOrk 


lispersed This is no small ad 


when one remembers the 


ed effort possible under our rather 


Leconomic conaditio 


sndvantage ¢ 


that it has thrown 


on the seniol 


nde youl 


(‘or 
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LONDON (McGraw-Hill World News): 
On January 1, responsibility for atomic 
energy development in Britain passed 
from the Ministry of Supply (Mos) to a 
autonomous 
Atomic 

This 


headed by 


relatively 
called the 
BAEC 
will be 


new, govern- 


ment unit nergy 
Corporation “crown 


Lord 


who, as Lord Presi- 


corporation ” 


Salisbury (above), 
dent of the Council, can be compared to 
a cabinet minister without portfolio 
The significance of his appointment ts 
that ultimate responsibility for atomic 
right at the 
f the British Cabinet. 

e the immediate 


shing BAEC is to make possible 


ipital spending 


will rest 


reuson lol 
ovel many 
long-range objective is to 
velopment of industrial nu- 
to replace Britain’s dwin- 
Indications are 


reserves 


cific policies have not been 


ut vet 
from Mos on January 


while responsibility 
1, legis- 
bringing BAEC into being won't 
Parliament until this spring. 

he article on the facing page, Su 
ypher Hinton outlines the pat- 
‘energy developments will 


follow, 


The pioneering work 
done by Mos will be carried on 
BA But 
e for providing atomic weapons 


sritish 


MoS will remain re- 


for the armed with 


BA 


and research under contract. 
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services, 


handling weapons production 





Reorganize British Atomic 


Program to Improve Finances, 


Add Impetus to Long-Range 


Nuclear Power Development 


LORD SALISBURY, head of new Atomic Energy Corpora- 
tion described on this page, has held many high gov- 
ernment posts, including Acting Foreign Minister 


The 


able to concentrate on its primary ob- 


new corporation thus will be 
jective, developing nuclear power and 
handing out atomic developments for 
exploitation by British industry. Long 
established practices of MoS in other 
fields that 


made of 


indicate great use will be 


“development contracts.” 
These allow industry, financed by Gov- 
ernment, to exploit results of Govern- 
takes a 


sales, but legal ownership 


ment research. Government 


rovalty on all 
of the product design rests with the 
company receiving the development 
contract. 
Large-scale use of such contracts is a 
First purpose of BAEC 
field et 


on” with two pilot power plants and to 


long wav off 


in the industria will be to “ 


initiate projects towards Britain’s seec- 


ond major atom objective the pro- 


duction of specialized nuclear power 
units for such purposes as ship propul- 


ond 


information at Is wa\ 


sion. OF this se objective, no 
silable at this 
time. 

One plot power plant is slated to be 
built at Cumberland It 
10,000-kw with 
erated, CO.-cooled reactor. 
built 


will be a 
unit a graphite-mod- 

ie aes, 
“breeder” 
built in the 
But the 


ond, to be iround au 
reactor, will probably be 
Scotland. 


extreme north of 


site has not been chosen, and no design 
details have been released 

If the Cumberland plant is success- 
that 


ful, chances are the nationalized 


British Electricity Authority will buy 
power there for the national grid 

The Authority BAEC's 
first nonmiulitary And if 


this reactor type proved to be the best 


would be 


customer 


for the first commercial power plants, 
the Authority would be invited to build 
its own stations 

Pointing BAEC towards this objec- 
tive, as chairman and managing direc- 
will be Su 


tor under Lord Salisbury, 


Kkdwin Plowden, an experienced civil 
was chief 

Aircraft 
full- 


respon- 


servant who during the wat 
executive of the Ministry of 
There will be 
BAC 


sible lor engineering and production ; 


Production four 


time directors of one 
one tor research: one tor We POrs > one 
finance At 
appomtments 
three at 


for administration and 


this writing, have not 


been made, but least are 


foregone conclusions. Sir Christopher 
Hinton is sure to be director in charge 
of production; Sir John Cockeroft for 
William 
three 


and Su Penney 
These 


hold the same posts under Mos 


research; 
lor weapons currently 
Finally, there will be two part-time 


directors perhaps ultimately three 


without special technical functions. 
These will probably be civilian appoint- 
ees, analogous to members of the 
U.S. Atomic Energy 


Lord 


before 


Commission 
Salisbury, in a recent speech 
that 
BAEC would spend $2S-million a year 


at the outset. 


Parliament, estimated 


—END 
7 





w well known 


able to eall 
lished staffs of 
PANIES ; on 
had to build up our staffs | 

Later on I shall be peaking of ou Initially our 


into opel ito! 
large mau 


we the othe 


Safety vs Reactor Type 


intention Was 


plans for the future and I shall be s vater 
etor 


ing that as we develop reactors fo 


production of industrial power, w similar in principle to you 


shall expect to be providing the nec reacto 


sary information that will enable larg moderated reactor h: 


industrial firms to continue 


opinent ot these reactors the coolant has 


three or four vears’ time, Dp eapacity 
mierator it ¢ unde! 


lmstances explode 


to have an organization tl in 


work itom 
pioneered ce Ol dangerous 
int! 


ploneering for and 


fission products OV 


and having 
vside, 


America 


problem ft) 


hands these out to indust) 


facture on oa wider sea xpectil In you were able 


to make the further lop t this 
that always beeo 

with growing operational « 

I think that 


great deal to recomm 


industry 
ments tors ina 
unlikely event 


Great Britain w 


th 
In 


that we may well | ples | ewe! ‘inky 


such an ed in 
has a 
believe populated 


that 
lines and 


veloped lor | t choice of a site on which 
sh ill 
have 


most suitable for our requ 


have dle 
that 


we 


we 


water-cooled 


ith 


we 
organization bu ID nter . 
: oO build air-cooled 
First Stages 

Let 


done by this organization nt t i FES 4S 


us then look at 
compared with 


since LOA, ooled renetor 
The first step taken was conditions, it is 


ipital 


apprecka 
organization l ! ( S1\ in ¢ cost 


Harwe 


Is engaged i 


the research 
John Cockeroft at 


ganization 


ite because ol 
on electric powe 
search and in devising the lowers The 
he used in the industrial required as 


also does a considerable ay ul fy ( vrentel ind the 
plied research in aid of these 
but the Producti 


and De 


processes 
itself has a Research 
Section that does most of the 
chemieal engineering and ot 
opment work for translation 
flowsheets into industrial desi 
The Production Division 
I am responsible, was fort 1 en ! timberland coast, using an 
IN46, a little 
then it 
the 


mental renetor that w 


Vas not 
venient The 
built in thi 


rather 


later 
Since has de 

large il ‘Nper ( ( ctors 
ition 


ft, the 


structed 
less 


opel 


tion early in TOAS site was chosen 


Simultaneously with 
the Harwell exy 


actor, the production org nization At this factorv we have 


tion of Chemical Processing 


building 1 ri t het il plants for extraction 


ind 


engaged = in 


Springfields for conversion uranium from 


ore into canned uranium 1 il slug { It 
ve ought to adopt sol 


these ¢ 


The processes used had heer 
the British 
perial Chemical Indust: 


ocesses Tol 


vyovernt 


not merely bee 


chemi al 


to 
cooled — graphite-moderated 
3; these reactors would have been 
Hanford 
I's The water-cooled graphite- 
is a serious disad- 
ntage in that like all reactors 
a neutron absorption — ical 
that outweighs its effect as a 


unfavorable 


to deal 
building 
sparsely populated remote 


vhere little disturbance would be 


considerable 
was because of this that 
“actors 
production of plutonium 
-cooled reactor has many 

thre 
sult under simil 


Pyly 


quantity 


moderator 


vere able to build our tactors 


was decided at a fairly 
vent ex- 


the high efficiencies 
they are capable, but also be- 
felt that it 
adopt from the outset chemical proe- 
the 
uranium and secure economy in its use. 

Construction of the 
started 


wished to achieve 
ot whiel 
Was essential to 


CUILUSE we 


build esses that enabled us to reevele 
re- 
chemical 
1948 on 
the Chalk 
Canada) by Dr. 
Head of the Chem- 
Division at Harwell. 
only 20 
\s_ there 


no time for a pilot or semitechnical 


sepa- 


ration plants late in 


the basis of research at 


Rin 
iy 


Spe nce, Who Is now 


by 


er Laboratories 


where 
| Engineering 


This research was done on 
milligrams of plutonium 
cutter Wa 
r the plant before construction work started, 
vent into the full-scale construction 
‘ry large and quite costly pri- 
mwaration plant on the basis 


Vout! 


Spence’s research carried 
quantity of pluto- 
not difficult to 


hemical process in this way 


small a 
is, of course 
process s to operate 

ise we were 
bench work 
Also, the 


neering re- 


nuouUs 
we results of chemical eng 
difheult sections of 


the 


more 


became available to the de- 
alter construction was well 
the 


the 


In spite a) | this 
Into operation on 
unily without 

shas been a 
Ir atom 


the 


Before 


} ive doubted 
plant design 
ints operating 


itistactorily 


} 


rocesses s 


t obtaining experience with 


ts Althoug! ve have one 
kcreption where exper 
siderable ut) n starting 

ibsence of 


mn the been our 


ve design 
peration Of a 

than one 
expect ileve, in 
experience ver the 
ction ol 
1 blessing 
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that he need 
= design be- 
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least worked, and 


would be unwise to make 


elegant it has at 


therefore it 


American View of Reactor Safety 


If design work is put 
the of Henry D. 


the 


think for himself. 


modifications 
S. Atomic 


n hand without construction SmyvtH, member of the U. Enerqy Commission, made 


the pilot plant designer really these comments on Sur Christopher's riews of reactor safety as a problen 
= : sd « . A 7 


Essentially I agree with what Sir Christopher has said, but | 
would like to put a little different emphasis on some aspects 


iis to 

Karly in 1950, it was decided to pro- 

First of all, let me talk about the Hanford reactor, which he has 
mentioned specifically as inherently dangerous. He suggests that 
such a the one at Hanford “can, under unfavorable 
circumstances, explode and scatter dangerous fission products over 
the countryside.”’ I would say “under an improbable com- 
bination of unfavorable circumstances” the reactor might explode 


ceed with the construction of a gaseous 
1 the manufacture of 
the fis- 
This plant was 
the 


purified uranium separated from the 


diffusion plant fon 


uranium slightly enriched in reactor as 


sionable 235 isotope 
necessary for re-enrichment of 

Sir Christopher suggests two ways of eliminating the dangers from 
reactors. One is to choose a type that is inherently safe. The 
other is to place the reactor in the middle of an uninhabited desert 


rradiated slugs in the chemical plant 
made available fon 
The plant 
at Capenhurst in Cheshire 


it Windseale and 


ng through the piles. 


recvel 


There is a third course that involves two kinds of precautions 
One can build into the reactor all kinds of safety controls to mimi- 
mize the danger of an accident. Sir Christopher seems to be more 
skeptical than I am of the value of such measures. The other 
precaution is to design the reactor so that an explosion could take 
place without dousing the neighborhood with radioactive materials 


Was bu it 
ind started operation early this vear. 


\leanwhile. however, it had been de- 


led to build alongside it a plant for 


ainufacture of highly enriched 


and construction work on One way in which this is done is to enclose the reactor by au strong 
This is what we are doing at 
We believe that there 
contained by 


want is now well in hand, and gas-tight envelope of some sort. 
the reactor being built near Schenectady. 
are many types of reactors where an explosion can be 
a less elaborate and expensive structure than this 


Current Power Reactors 
We | ive 


wt a thermal 


started to one 


Irom 


recently con- 

The several reactors we have built or are building at our labora- 
tories or near university campuses are ail of the inherently safe type 
However, as I have suggested, we are not willing to limit our plan- 
ning for future power reactors to such types, and we are constantly 
investigating how other [cheaper, more efficient] types can be made 
safe enough to put in populous areas 


reactor which 


will be produced in’ industrial 
ies, and we expect shortly to be 
r to build a fast reactor. 

power-producing thermal re- 


type long discussed; the , ; 
In considering the question of safety and location of reactors, we 


de not depend entirely on our own technical staff. In 1947 a 
Reactor Safeguard Committee was established by the Commission, 
and in 1951 the Industrial Committee on Reactor Location Prob- 
lems was established. These committees have recently been com- 
bined to form the Advisory Committee on Reactor Safeguards 

Obviously the Commission will not accept any plan for locating 
industrial power reactors until the public safety is assured beyond 
reasonable doubt. Needless to say, for certain suggested types of 
power reactors, extensive testing will be necessary 


is graphite moderated and is 


circulating carbon dioxide 


The 


closed in a mild steel shell 


pressure reactor core. is 


re @l 
he biological shield; the boilers 


nged round 


t and supply steam 
plant of conven- 


irbogenerator 


yn We should have pre- 


coolant, but as 
this 


had to adopt 


lm as 


suppiies Tor purpose were 


the 





il we 


(‘() 


which has com- 
minor disadvantages, 

ope that we shall be generating 
wer that fed 


system of the country within 


will be into 


‘ars. 


for Industrial Power 


gency for building up the in- 


application of atomic energy 


wer production is, of course, 
n England than in the United 
I:stimates for reserves of coal 
completely reliable, but it is 
that the reserves. of easily 
coal in Great Britain will last 
200 vears. This is a com- 
short time in the industrial 
country, and it must be 
that needed not 


pered coal Is 
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merely for heating and powel produc- 
tion, but also as an essential chemical 
and as a fuel in the metallurgical in- 
dustry. It is therefore desirable that 
we should find a substitute for coal as 
a power-producing fuel as soon as is 
It should, more- 
that 


ing time it is the more easily workable 


reasonably possible. 


over, be remembered with pass- 
seams that become exhausted; for this 
reason the price of coal in terms of real 
increase as it has 
The Ridley Com- 


mittee, which recently investigated the 


values is likely to 


done in the past 


fuel supply of Great Britain, gave fig- 
ures suggesting that the deficit of coal 
mined against the coal 
amount to 20,000,000 tons in 1965. 


required may 


A cost analysis does not suggest that 


the price of electricity generated from 


atomic energy will make it uncompeti 
tive. Our present estimates show that 
it should be possible to generate elec- 
thermal re- 


tricity from. gas-cooled 


actors at price not greatly in excess 
of the cost of modern 
conventional power station. The lat 
the British Electricity 
that the average 
1951-52 


was 1.002 pence per unit, as compared 


generation ib a 


est’ figures ol 
Authority 
of electricity to 


show cost 


industry in 


with a cost of 0.948 pence per unit in 
the The 
partly a the 
the price of fuel, the cost of which rose 
from 0.39382 to 0.4276 
1950 and 1952, per unit of electricity. 
As | stated, this 
trend is likely to continue. It is, how- 
that the 


9 


previous year, increase Is 


reflection of increase im 


pence between 


have already rising 


ever, reasonable to believe 





cost of generation from 

is likely to fall, as usua 
when all newly born it 
up, and the position theref 
to be quite encouraging 

of the cost of electric 
from nuclear reactors 
cluded any credit for 
fissile material created 
fissile material can 
tracted and, subject 
development work, eat 


in fast breeder reactor 


Three Stages to Power 
We therefore visualize ce 
in three stages lirst 
be possible to construct 
thermal reactors that w 
ate powel and produce fis 
This fissile material can 
fuel in fast reactors, 21 
period in which therm 
fast reactors run side | 
ate electric power In 
term and when the stocl 
terial is sufficiently great 
possible to discontinue the 
mal reactors and to re 
fast reactors, which shi 
least enough new fissile 
make them self-supporting 
In the first or thern 
riod, we regard the react 
building as only one 
alternative types from 
can be generated | 
said that we hope that 
time we may be able 
pilot operation to encour 
to build thermal reactor 
tvpe for large-scale power 
Meanwhile, it) is) intence 
Harwell 


proceed to examine alterr 


research depart 


of reactors, and. select 
design development wort 
most promusing type 
handed the gas-cooled 
industry, we in the 
sion should then pick 
design of this reactor 
first model of this alte 
reactor, which we should 
over to industry after 
operating experience 
You will see, ther 
British atomic energ) 
designed to work in the 
the Research Department 


examines alternative desi 


esses, selecting with sucl 


is necessary the best of these 


10 


the stage when it can be winee! learn trom their mistakes 


the Production Division ! , his from their successes 


in industrial project. When the — i he case of a nuclear reactor 


failure is so great that 


duction Division has pioneered this 
dustrial development and obtained engineer dare not risk 
Satishactor operating experience ur- t m me that it 
her development will be turnec \ Se il mit) oul 


stry 


Difficulties to be Faced 


We should, | think, examine 


ifficulties that lie in the wa I reactol \ r we could contemp! 


development outlines 
the major difficulties 
Of uranium, second, the 
disposing Of fission 
nel third the problem of design- 
ictors that are inherently safe. 


problem of uranium supply eal vl | vuater coole 


lis being dealt with by 


patient wns ising enriched 


ogical search and prospecting and y water used bot] 
coolant \los 


thermal re 


e development o 
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f ground Che magnitude 
the event ot such il 
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International Commission Recommendations 





RADIOLOGICAL UNITS 


Revisions were made in the recommendations of the 
International Commission on Radiological Units at the 
Seventh International Congress of Radiology, Copen- 
hagen, Denmark, in July, 1953. The revised recom- 
mendations were released on January 1; the section 
on definitions and units is printed here with notations 
of changes from the 1951 section (NU, Jan'51, p. 28). 


1 Intensity of radiation is the energy flow- 

ing through unit area perpendicular to the 
beam per unit time. It is expressed in ergs 
per square centimeter per second or watts 


per square centimetet 


2 Quantity of radiation is the time inte- 

* gral of intensity. It is the total energy 
Which has passed through unit area perpen- 
dicular to the beam and is expressed in ergs 
per square centimeter or watt-seconds pet 


square centimeter. 


3 Absorbed dose of any ionizing radiation 

is the amount of energy imparted to mat- 
ter by ionizing particles per unit mass of ir- 
radiated material at the place of interest. 
It shall be expressed in rads. 


4 The rad is the unit of absorbed dose and 


is 100 ergs per gram. 


Inasmuch as calorimetric methods of de- 
5. termining absorbed dose are not usually 
practicable, ionization methods are generally 
emploved. The quantity which must be 
measured is the ionization produced in a gas 
by the same flow of corpuscular radiation as 


exists in the material under consideration 





The energy, £,,, imparted to unit mass 
of the material is then essentially related 
to the ionization per unit Mass of gas . Pe by 
the equation 


E,, WsJ, 


where W is the average energy expended by 
the ionizing particles per ion pair formed in 
the gas, and s is the ratio of the mass stop- 


ping power of the material to that of the gas 


Since the calculation of the absorbed dose 
* from measurements of ionization requires 
a knowledge of the parameters W and s as 
well as variables characterizing the radia- 
tion and the irradiated material, it is reeom- 
mended that tables of the best available data 
be prepared and = held) under continual 
review.” 


* Preliminary reports on this subject were 
presented to the ICRU and it is hoped will be 





published in the near future 


1 - January, 1954 


The major change is establishment of the ‘‘rad’’ as 
a unit (items 3, 4, 9). This conflicts with item 6 in 
the 1951 section on units, which stated that the ICRU 
did not recognize ‘‘special names or symbols for 
quantities which are merely multiples of the funda- 
mental unit.’’ Also, opinions expressed in items 3 
and 8 of 1951 have been translated into action. 


7 The roentgen (1) remains the unit of 
X- and y-ray dose. Its definition re- 


mains unchanged: 


The roentgen shall be the quantity of 
X\- or 5-radiation such that the associated 
corpuscular emission per 0.001293 gram 
of air produces, in air, ions carrying | 
electrostatic unit of quantity of elec- 
tricitv. of either sign, editor's note: 
Mass given is that of 1 em*of dry atmos- 


phere air at OF C and 760 mm mereury 


It becomes increasingly difficult to meas- 





ure the dose in roentgens as the quantum 
energy of the X- or y-radiation approaches 
very high values. The unit may, however 
be used for most practical purposes for quan- 
tum energies up to 3 Mev. 


Integral absorbed dose is thie integra- 

* tion of the energy absorbed throughout 

a given region of interest. The unit is the 
gram-rad. | gram-rad 100 ergs. 


10. Amounts of radioactive material shall 


be expressed in curies. The accepted 
definition of the curie is: 
The curie is a unit of radioactivity defined 
as the quantity of any radioactive nuclide 


in which the number of disintegrations 
per second is 3.700 & 10 


With this definition the curie is independent 





of the disintegration rate of radium. 


It is suggested that the y-ray emission 
i. be expressed in terms of roentgens pe! 
millicurie-hour at lem from a point source 
This quantity is different for every radio- 
isotope. Preliminary data have been com- 


piled relating to a number of radioisotopes 





and will be supplemented from time to time.* 


The ICRU requests the national stand- 
12. ardizing laboratories to set up, inter- 
change, and compare standards of X-rays, 
y-rayes and radioisotopes, maintain close con- 
tact with each other, and generally by every 
means within their power further the im- 


provement of methods of standardization. 
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FIG. 1. Orthogonal projection of the new Argonne National Laboratory research reactor (CP-5) 
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Plans For the New 
Argonne Research Reactor, CP-5 


A new research reactor nearing completion at Argonne National Laboratory 


uses enriched-uranium fuel and heavy water as coolant-moderator. The design 


has a large experimental volume, yields high flux at low power, and is 


safe because of its long neutron lifetime and strong photoneutron background 
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By S. UNTERMYER 
Irgonne National Laborato 
Lemont, J ils 


Ir WAS EVIDENT when design work 


started in 1948S that the proximity of 
our reactor site to large population 
centers made it necessary that) the 
CP-5 reactor be extremely safe under 
all conditions of operation Thus. «a 
low-power reactor with a long neutron- 
lifetime was preferred 

The power considered for this reactor 
never exceeded a few thousand kilo- 
watts of heat. It is planned that the 
reactor will actually be operated at 
1,000 kilowatts. Since operating Costs 
increase with design power-level, there 
were the strongest incentives to pro- 
duce the required neutron fluxes at the 
lowest possible power. Thus high neu- 
tron intensity with low reactor power 
was the primary requirement Re 
gions of the reactor were arranged to 
provide high resonance and fast neu- 
tron fluxes. The reactor will provide 
unusually high fluxes of thoroughly 
thermalized neutrons 

As it was desired to use the reactor 
for the most difficult and varied types 
of experiments, the very best experi- 
mental facilities were needed Large 
beam holes are practical with this de- 
sign Also, strong collimated beams 
ol thermal or resonance neutrons are 
available for neutron velocity-selectors 
or other beam-type experiments.  De- 
sign features are shown in Figs, 1-3. 

Provision was required lor intense 


irradiations of short duration. This 


* Operated for the Atomic 
mission by the Universit 
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required rabbit’ holes 1} t hould have possible ! k refl ol Ih r objection to 


between opposite laces vas the difhi- 
s0 that samples can be dh indling core components 
the high flux region ne mntaminating the moderator 
core and out into a the n r advantages of 
very short time However, | tio! o hye flux ritical mass ma \ ! > and irger experi- 
the “rabbit” holes had to be comp te | by poisoning and 
mised to the extent that ex) nm | ul y clean critical 
strongly absorbing sample can not , mone ¢ various types of 
the pile to exceed prompt ¢ idied, two systems had outstane 

Large through-hole facilities wit tical siz Qne was a ligh 
fairly high fluxes were desired | re of about 20 cm 
neering tests and for sy tv} inded rvllium 
physics work 

Low-flux biological 
ties large enough for 
were also provided 

The requirements fo 


were somewhat different 


for the Materials Testu ( ! » small core and 


; ] 


which is located in a remote vhere bsorpti in bervilium 
operating power Is not i ever I I ti reflector would 
limited On the other 

versatile and elaborate 

required than is needed 

or untiversity-tvpe reactor 

cost is often the POP EETar 

Before the CP-5 desigt 
several alternate types 
actors were studied. — It 
to note that a type of re 
than any previoush 
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FIG. 3. Schematic showing core and experimental facilities FIG. 4. Neutron flux distribution in CP-5 reactor at 1,000 kw 
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s square and about 30 in 
2 The 


lO aluminum 


active section Is 
sandwiches” 
n & 0.060 in thick. Each 
onsists of a sheet of alumi- 
fabricated between 


Im ALON 


iminum sheets into a solid 
s sufficiently tight to pre- 


The 


laver of 


pe of fission products. 
thin 


num. which corrodes preter- 


lad with a 


\ conical end-box is welded 
The 
f each element fits into a grid 
ach fuel 


contains about 75 gm of U? 


ottom of each assembly. 
wottom of the core. 

of these assemblies are 
the central part of the tank 
lattice The approximate 
300 
equal to the volume of a 
ibout 


this lattice Is liters, 
10 em radius. 
use of depletion, assemblies will 


eed twice a vear. This must 
shed without contaminating 
ater with light water from 
Assemblies 
}',-in tubes ex- 
ward through the = shield 
A half-inch lifting 
iwhed to the top of each 
\ metallic shield fitting 
rod serves to align the top 


will be 


nhere 


through 


nk top. 


i issembly. 


Cooling and Heat Transfer 


at iter enters the tank by flow- 


ih the fuel assemblies. — It 
th heavy water in the 
xits downward 

irea per assembly is 49 em 
t generation in the hottest 
thout lOO kw. For a cool- 
t | meter, sec the temper- 
the cooling water will be 
heat 
vater velocity of 100 em 


coethcient of transte! 


hout 0.15 eal/em? see/°C. As 
im heat about 4.5 
the film temperature dif- 
| be 30°C 


flux is 


ntain the required velocity of 
in the 
reulation at about 1,200 eal- 


nute 


center assemblies, 


will be required. 


Pile Control 
It is planned to use hinged control 
rods similar to those in the CP-3. De- 
the mechanism has been re- 


ved so that bearings and rods can 
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No Significant Changes 


This article was developed from the original proposal for CP-5, 


issued in November, 1948. 


Thus, this description does not reflect the 


detailed engineering changes made since that time; however, there 


are no basic discrepancies. 


Many of the minor alterations made as 


the design progressed are too small to be shown on the figures. For 
instance, the details of fabrication of the top shield has been changed, 


and a ‘“‘Boral'’ sheet is used inside the thermal shield. 


Some of the 


reactor dimensions have been altered fractions of inches, and some 
small, auxiliary, vertical control rods have been added, buried in 


the upper shield. 





TABLE 1 


hee acto 


‘P-5 Research 
Core 

Kdge of tank 
‘halk River—NRN 
‘P-3 (enriched 


10) \iw 


Core 
Edge of tank 
‘P-4 UEBR 


Neutron Fluxes in Various Research Reactors 


Fluxes 


neutrons, oc 


E pithe mal 





TABLE 2 


3-in central thimble 
3-in auxiliary thimbles 
12-in beam holes 
f-in beam holes 

6-in thru beam holes 
2-in rabbit 

S & 12-in biolog 
!-in beam hol 


5-ft thern 


List of Experimental Facilities in the CP-5 Reactor 





Addi- 


also be used, 


be replaced by remote control, 
tional vertical rods will 
the neutrons have 
in the reflector, 


Jecuuse many of 
a long life expectanes 
the pile will have a sluggish character- 
This mav be ady 


the standpoint of reactor hazards and 


istic, antageous from 


salety. 


Reflector Cooling 
In CP-3, the temperature rise in the 
This heat is 
principally due to gammias that liberate 
about 750 watts of heat in the reflector. 
In the CP-5, 


graphite is about 10° C, 


these gammas amount 


to 4 kilowatts In addition capture 


gammas from absorption of thermal 


neutrons may produce about LO kilo- 


Thus, 


perature rise 


tem- 
200° C, 


watts. since the graphite 


will be about 
water-cooling coils will extend through 


the graphite. 


Experimental Facilities 
In addition to the 


mental facilities deseribed in Table 2, 


major experi- 
several large vertical thimbles can be 
added to the reflector. Other 
holes extending to the tank 


beam 
wall can 


also be added easily. END 


15 





i ce)mi [eleleliate 
Special Steel 


To trace steel melts of critical composition, such as for reactor construction, 


radioisotopes offer several advantages over customary chemical analysis: time 


involved negligible, little plant space necessary, melt identification definite 


By DAVID L. DOUGLAS 
Chemistry and Chemical Engines 
tion, Knolls Atomic Powe 
Schenectady, New York 


THE SECRET OF SUCCESS in many In- 
dustrial fields lies in the use of special 
With 


steels, some particular property 


steels or other alloys. alloy 
such 
as corrosion resistance or high-tem- 
perature strength, can be essential to 
the suecessful operation of the device 
Nowhere ts this 


field ol 


under consideration. 
more true than in the reac- 
tor technology. 

The usual method of operation is to 
order the alloy steel as a special melt 
and then, by way of insuring that no 
substitutions are made, to set up an 
extensive inspection and analysis pro- 
gram to follow the steel from the mill 
tofinished article. Clearly this ts both 


expensive and uncertain, the latte 


since one cannot commit all the steel 
to analysis and still have a finished 


product As an answer to this prob- 


lem, inclusion of a radioactive trace 
in the original steel melt would appear 
would the labo 


to be ideal; not only 


ratory space committed be negligible 
but a 5-min check would suffice where a 
chemical analysis involves 15 man-hi 

* Operated by the Gener 
for the Atomic 


16 


Energy Comn 


It is axiomatic that the amount of 
activity added must be kept aus small 
as is consistent with the required de- 
several 


tection Because 


tons of the steel are likely 


sensitivity. 
to be accu- 
mulated in a warehouse or in the final 
product assembly, the maximum. per- 
missible specific activity, in consider- 
ation of the personnel hazard, is of the 
order of millicuries per ton. 


Discussion 


The important limits that constrain 
the selection of the nature and amount 
of the radioactive tracer emploved are 
discussed next. 

Detector sensitivity. To obtain sat- 


isfactory levels of sensitivity with 
readily available detection equipment, 
the emitted radiations must be gamma 
ravs of energy greater than about 0.3 
Mev or beta particles of energy greater 
than about 0.5 Mev. 


beta-emitting 


Thus low-energy 
and electron-capturing 


nuclides are eliminated. The discus- 


sion of detection sensitivity must refer 
to the specific problem in terms of the 
smallest fabricated part Whose activity 
is to be measured. In this article, this 
will be taken as | gm. 

The eflicieney of radiation detection 


is related directly to geometry and 
range of the radiation, Le., to the 
material that the detector 


Since destruction of the 


amount ol 


can “see,” 


by dissolution is prohibited, 


to be 


sample 


gamma emitters are much pre- 
ferred over beta emitters on account of 
the limited range of beta particles in 
dense solids such as steel. Scintillation 
the preferable detectors 


high 


eounters are 


because of thei efliciencies for 
Pula ravs, 

Radioisotope availability. The ra- 
dioisotope should be easy to obtain, 
g., sold by the AEC, 

Metallurgy. 


cal properties of the steel must not be 


e 
Chemical and physi- 
altered by the tracer. In reactor ap- 
plications, nuclear properties must be 
considered too.) 

One method of tagging is that the 
tracer be an isotope of one of the con- 
\nother is that 
the actual amount of material added 
he so small, 0.001% or less, that the 
not altered, 
thor- 


stituents of the alloy. 


properties ol the allov are 
The added 


oughly in the melt and have no tend- 


material must mix 


ency to collect in a slag or on the walls 
of the crucible. 

Time. A lower limit of a few months 
on the half-life of the activity 
that it 
sary to “follow” 
half-lives 
inordinately high activity levels at the 
The 


limit may be important if the purchaser 


is set by 


the fact will usually be 


heces- 
the steel for about a 
Shorter would 


veur. mean 


beginning of the period, 


upper 


is required by the steel mill to be re- 
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i.e., to purchase) the mill 


sponsible for 


scrap. In any event, prudence re- 


quires as short a half-life as possible. 
One year would seem to be a reasonable 
upper limit. 


All of these 


satisfactorily by 


requirements are met 


very the nuclide tan- 
Its nuclear characteristics 
are 110-day half-life, 0.53-Mev 
1.2-Mey 
One of the outstanding ad- 
tuntalum-IS2 is that it is 
ailable in 


talum-1S2 
# } 
betas, and 1.1-, and other 
fammas 
vantages ol 
readily av very high specific 
This 


means that entirely insignificant amounts 


activities—up to 50 curies, gm. 


of the element would have to be added. 


Experimental 

Simple experiments have been car- 
ried out to determine the lowest specific 
activity required for easy ‘“‘tracing”’ of 
a steel and the dose rate to be expected 


in the neighborhood of a large accu- 
mulation of the tagged metal. 

Tracer preparation. 
and 111 


tantalum 


Two — pieces 


60.6 mg, respectively) of 
were irradiated 
at Brookhaven National 


Laboratory tor 


wire 


25-mil 
in the reactor 
an equivalent net of 
The tantalum 


content was determined spectrographi- 


9 & 10'* flux-seconds. 


cally and found to be more than 98% 
(Qualitative analysis showed no impuri- 
ties In quantity sufficient to produce ap- 
preciable radioactivity on irradiation. 

\ few milligrams from each specimen 
were dissolved in hydrofluoric acid and 
the absolute beta activity determined 
by counting an aliquot of each of the 
solutions, the 
f Tal? is not known (/, 2), it 


ided to use absolute beta count- 


diluted Since decay 
scheme « 
was der 
standardization rather than the 
tech- 
aliquots were evaporated 


Pliofilm * 


Ing tor 


less iable gamma counting 


niques The 


1 gold-coated 


chloride 
Ohi 


sold by Reed 


mounts (less than 0.7 mg, cm?), and the 
activity determined with 4x counters 
both of 
used for 
KAPL and checked 
against standard activities supplied by 
the National Standards. 
The activation given in 
Table 1. 

With identical aliquots of these same 


(3) of two different designs 
which have been successfully 


several months at 


Bureau of 


results are 


solutions, the counting efliciency of the 
Ta" 


This counter is a standard 


scintillation counter for was de- 
termined. 
instrument in which the detector is a 
Nal(Tl) ervstal ', in. thick and 2 in. 
The with 


lead shielding averages about 55 epm. 


in diameter. background 


Accordingly, the Ta'*? counting effi- 
cieney under the experimental condi- 
tions is 6.5 0.1%. 

Preparation and sampling of billets. 
As stated previously, two evlindrical 
billets of mild steel were vacuum cast 
in graphite molds by induction heating. 
Dimensions of the as-cast billets were 
6.l-em diameter, and 19.5-em length. 
The tantalum wires were added before 
melting. Expected (calculated) spe- 
cifie activ ities are given in Table 2. 

To be certain that the activity 
distributed throughout 


Wis 
the 


metal, chips were collected by machin- 


uniformly 


ing about 10 mils off the radius of each 
billet, 
diametet 


and by drilling three !4-in.- 


holes equally spaced along 
the axis of each billet A l-gm sample 
of each lot of chips was mounted on 
cardboard and counted with the scintil- 
From the average of 
the 


were obtained and 


lation counter. 


these determinations “observed 
specific activities” 
are tabulated in Table 1. 
the 


ences between the chip mounts and the 


In view of considerable differ- 
standard mount used to determine the 


efficiency, the agreement be- 


the 


specific activities ts 


ceountel 


tween caleulated and observed 


considered satis- 


factory. Further, the agreement be- 
tween chip samples from any one billet 
that the 
tributed uniformly to 
better. 


The original billets were 


showed activity was dis- 


within 3°) or 


“counted” 
with a standard seintillation probe* 
and with a beta-gamma survey meter;{ 


Table 2. Also 


shown are the survev-meter counting 


results are shown in 
rates observed with pieces of the billets 
\Meas- 
urements were made with the detectors 


weighing approximately 1 Ib. 


all but touching the sample 

Since an estimation of the radiation 
dose rate requires a knowledge of the 
thickness of 
tagged metal, a series of disks of vary- 


activity as a function of 
ing thickness were cut from each of the 
billets. 
in the scintillation counter, care being 


These disks were then counted 


taken to maintain a fixed distance be- 
tween the top of the disk and the 
bottom of crystal can 

The data for disks from billet 
are presented in Table 3. The 
the 
served counts to total activity 
The 


cliencies es are 


No, 2 
“efh- 

ob- 
in the 
etfi- 


ciencies”” are usual ratio of 


“relative counting 
the 
counting rates to those expected if the 


sample. 
ratios of observed 
sample were counted with the efficiency 
of the 50-mil disk. 


are then a measure of the self-absorp- 


These efficiencies 


tion of the radiation by the metal 

The 
graphical form in the illustration on 
IS. The the 2.00-in. 


obtained by extrapolation. 


efficiencies are presented in 


page value for 
Wis 
this measurement is 
that it takes no 


the walls of the counter 


disk 
Clearh 


mate in 


Approxi- 
account of 
scattering by 


scintillation 


*An 
head, mark 
ter Laboratories 


example is the RCL 
10, model 10, Radiation Coun- 
Chicago, Il 

t For example alpha-beta-gamn 
meter, model SU-5, Tracerlab Tne 


Mas 








TABLE 1 Specific Activity Data* 


Spe cl 


Calculated 


fic activity 


TABLE 2--Results of Survey of ‘‘Tagged’’ Billets 


Place counted and 


pn is 
curies/qn 
Background 
Billet 1 
Billet 1 


Observed 
end on 


ical arrangement 


Scintillation Beta-qamma 


p ole cpm urvey mets cpu 


3,550 ~ 200 
6,150 


12,100 
13.700 


0.038 K 10 end on 


0.07 « 10 


1O-* 1.15 X 10 1.28 
lO? 2.44 


sillet 2 
Billet 2 
520 gm of billet 1 


9 O06 & 10°8 2.00 side 5, 00 


SOU) 


< corrected for decay 567 gm of billet 2 1,500 
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} a sample-to-background ac- 
TABLE 3-- Counting Efficiencies vs Thickness for Billet No. 2 ivity ratio of unity and a background 


of 50 cpm, the required final specific 

( ne -elativ 5 

dnidicoitg I , activity is O.31 X& 10 curles/ gm, 
Nominal ‘ Me counting count ng : 

ae ea us the initial specific activity 1s 


thickne Wetaht a ! ti ile “ff ( efficiency a 
2.5 X 10°" curries ‘gm or 2.5 me, ton. 


(in qn di cpn a : 
In estimating the radiation dose rate 


in the ne ighborhood of a large accumu- 


0.050 
0. 100 } 1.1 544 
712 ; : particulal 
0 500 ‘ ; 99 71.732 & sphere l-in. thick and 1 meter in radius. 
") 1‘ } 3 92 778 3 : The total mass of such a sphere would 


lation of such steel, we assume the 
0 250 *: : , » 4) 14 ly severe case of a hollow 


( 
‘ QS. 665 : 3 be about 2.5 * 10° gm, the total ae- 
102,962 2.6 a tivity about 6.3 me. At the center of 
107,079 ooo the sphere, the dose rate would be 


6.3 & (0.90.76) & 0.45 3.4. mr/hr, 





the second factor is the dose-rate 


third is the relative efficiency 





for metal l-in. thick. This dose rate is 
only about half that deemed safe for 
day in and day out exposure (4). An 
inspection of the relative efficiencies in 
Table 3 shows that significantly higher 
dose rates would not be obtained by 
increasing the thickness of the sphere. 
Since an inverse-square law relates dose 
rate to distance from the source, de- 
creasing the sphere radius, while main- 
taining the same mass, does not in- 


‘rease dose rate 


Relative Counting Efficiency (%) 


The conclusion is that it is entirely 
insofar as personnel are con- 


to employ radioactive tracers 





amounts of the order of 1 me/ton 


tagging special melts of ferrous 





other allovs. However, it should 








be realized that this activitv is 220 
RELATIVE counting efficiency vs thickness times the maximum activity of con- 

taminated scrap steel (10 dpm,/gm) re- 
shield and other effects: however, i meters, and 3.8 mr hr at 0.5 meters leased by the AFC and considered as 


more than sufficiently accu » for ote that the inverse square law is — technically nonhazardous to sensitive 
purpose at hand. obeved to a first approximation industries 
Dose-rate factor. The 


activity measurements have all Conclusions et saa eae ss illic 


volved counting rates detern dw and departments ‘nolls Atomic Power 
scintillation counter anal 1 he experiments show that steels al ul ; grate a owledged VU 
readily converted into d mtaining amounts of Ta'™? of the and othe bers of the Man 
7M . a ; , ! 7 EU . wt ng niu fe disc uUS8LONS 
order of | &X 10°% cumes) gm me ; ; 
obtain a factor for convertn i : Curl a n yointing the ance o he p 
in curies into dose rate, the fo ¢ ton) can be readily identified te and Gray of the 
. le expe —_ =e “\ counting equipment commonly eld ] eclvo or preparing the steel 
Simple experiment Was carried out , é hille pect ateria p for machining 
) lable in radiochemical laboratories. ,,, a al é i aaa 


large pieces—I Ib and greater—: nist tion for assistar in carrying 


oblem; 


The dose rate was measur 


ous distances from a 
rimima survey meter ts sufficient 


Ta'®? source obtained f1 
National Laboratory 
an aliquot of the sol 
the total absolute beta 


ier parts require the use of 
scintillation counter. 
What remains tis to caleulate the 


source as 0.76 me mum specific activity that meets 
used in the dose-rate me detection condition, viz., ability to 
a recently calibrated the activity in} gm of metal 
gamma survey instrumet lyr, and, using this, to estimate 
The results for the ra maximum probable dose rates 


were: 0.2 mr/hr at 2.01 


hr at 1.5 meters; 0.9 
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Simplified 
Autoradiography 
Exposure 
Calculation 


Autoradiographic detail 


FIG. 1. 


Comparative half-lives and relative spread 


in emulsion from point source 


is improved by the use of weak beta emitters. 


To aid isotope selection, charts are used to compare half-lives and 


emission energies and to calculate exposure time from specimen activity 


By WILLIAM W. WAINWRIGHT,* ERNEST C. ANDERSON, 
PRESTON C. HAMMER, and CHARLES A. LEHMAN 


Radiobiology Section and Theoretical Division 
Los Alamos Scie nti fic Laboratory of the University of ( ‘alifor nia 


Los Alamos. New Mexico 


RisiNG INTEREST in the application of 


iutoradiographic techniques suggests 


clarification of the relative usefulness 
of radioisotopes when several are avail- 
ible for an experiment. 

mica-window 


Before the advent of 


suitable for the measurement 


counters 


ak beta emissions, there was a 


ary preference among. investi- 
isotopes with a strong beta 
This impression 
M. Leicester 


ost suitable 


persists, 
that: 
substance for 


suggests 


f this nature (permeability) in 
re 


nd its comparatively long 


This is readily 


14.3 days permits its use in 


1 experiments” (1). 


nT Appress: College of Dentistry 


f Hlinois, Chieago, Illinois 
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Sharpness of image. Comparison 
of P*® with Ca*®, from the standpoint 
of relative sharpness of autoradio- 
graphic image, gives a strong prefer- 
ence to Ca*® since it emits a much 
weaker beta particle 

This 
Fig. 1. 
around Ca‘ 


relationship is illustrated in 
The radius of the small cirele 
is a measure of its relative 
unsharpness or spread in an autoradio- 
graphic emulsion from a point source. 
$y comparison, the emission from P* 


spreads out in an enormous circle. 
The spread plotted is derived from the 
eta particles 


average energy of the 


emitted and their range in autoradio- 
graphic emulsion The spread is 
not plotted in exact dimensions. 

A number of CMissions .are 


plotted in Fig. 1 


Isotopl 


in relative positions. 


From the standpoint of sharpness of 


the autoradiographic image, alpha 
emitters are of course preferable in the 
few cases where they are available 
because of their shortness of range in 
autoradiographic emulsions 
Comparison of half-lives. The 
“comparatively long half-life’? of P*, 
14.3 days, permits only certain types of 
short 


other specimen has a low uptake of P*, 


experiments. If the tissue or 
the autoradiographic exposure may be 
The thumb for 


relative autoradiographic 


inadequate. rule’ of 
exposure 
states that half of the remaining total 
half-life 


useful 


exposure — Is attained in 1 
that the 
exposure is realized in 3 to 5 half-lives. 
Thus, if the uptake of P** is insufficient 
in 6 to 


19 


(3), and maximum 


to give an adequate exposure 








Counts per Minute 
Long § & : $33 3 § s$3 5 3 $3 8 8 23 


Hal ' | Aa (Well! Gaal Se ace a a Tred prtrm rt ttt ttt aa ttt tty 
Life » » 0 % 60 2 £ £58 0 >» 2 000 ww 


| | 
Scale LMinutes+-— — Days ——-—-.-—-- 


7 “ee 


ate 





Half-Life 





N_ ti /2 [1-2 069 v2 
A 3 
& where 


N = Exposure factor of 6,000,000 
A, = Initial activity of specimen 
t1/2° Half-life of radioisotope 

t = Exposure time 

Ao, tyo.t, expressed in same time unit 


——————= HOuUTs 
Z 


all contour lines are 
in counts per minute 


On this chart, 
calibrated 


50 


- 
oe 


} 
| 
—}— 1-0 

” 

® 

z 

P= | 

Cc 
= 


Given a half-life of |O days and 
per minute, 
(See inset) 


Sample solution: 
an initial activity of 400 counts 
read exposure time of 20 doys. 


>*~— 200.000 


3 £347 


-Minutes *-——H ours——— 


| 


3 


40 











FIG. 2. Network chart for calculation of autoradiographic exposure time for beta emitters 
than its 
the 
principle autoradiographic exposure. 
Although not 
lol 


the iphic aspect tutorad has sions of a radioisotope, rather 


the 


repeated with an increas 


graphic purposes if it 
to the left side 


half-life 


10 weeks, autoradiog: 


is lost or produce 


experiment must be 1 weak emission (close gamma emissions, that 


ed do f Fig. 1) and 
compared — wit] upper part of Fig. 1). 
Specimen activity. 

hs is often mentioned as 


has a long 


Phosphorus-32 — is experimental data is 
emissions of the range of 


the 


Ca* in this way in Fig. 1 The exposure of — available 


energy 


as having a 
while Ca® ts 
The differen 
exposure ol 


2!) vr Is 


advantage in the use of ( 


so much in tl 
available, st 
periods ot 


marily in the longer time a 


the 
more than s 
sirable, 
are considere 
radiographic 


Is open. a rad 


20 


very. great indee The very 


several 


experiment. 


half-lives greate: 


<d infinite 


relatively shor tutoradiogray 
a function of the activity of the 
In fact, the formula of 
Hamilton (4) hi: 
They state that 2-million 
the 


rated as being 


na 
ong 


ce between a specimen 


Axelrod 
useful. 


ito LO wee ks and is proved 


] 


10-million beta particles striking 


1@ Increased eExposul 1m MuisIoOn centimeter give 


lit ible 


per square 


emulsio exposure, 
the 
ntrates in structures to 
mited 
plus 


nee 
months, b y) n practice radioisotope usually 
form lines 
This tend- 
latitude of autoradio- 
makes 
edict roughly the exposure 
formula of Axelrod 


s assumes that it 


areas of density 


the 


since e€X 
everal months 

than ¢ lays rraphic emulsions, it possible to 
> time with 


Hamilton 


beta emis- 


standpoint I I ( and 


Is the 


lowotope is 1 


produce d by radioisotopes 


reason for the success of the formula of 
Axelrod 
respondence 
to beta 
sions on the part of the Geiger tube a 
In 


is only 
to 


and Hamilton mav well lie in 


a col between the relative 


ity and emis- 


nd 
the 


SCNSITIN gamma 


emulsions, 


there 


tutoradiographic 
f the 


ximately ai 1& 


Geiger tube 
efficiency 


LMI eCMLISSIOTIS 


Exposure-Calculation Chart 
of the deeay 
to apply the 
Hamilton to 
For this 
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Due to the comple Xity 
it is difficult 
f Axelrod and 


f short half-life 





FIG. 3. 


Autoradiographs of alpha emitter showing, from left, proper exposure and overexposure. 


At right, grossly irregular 


isotope distribution for which use of network chart would give underexposure of most areas 


network chart for 


DUr pose 


exposure 
for beta emitters is 


re. 2. & 


approximately 


calculation pre- 


sented in specimen — of 


1 em? is assumed. 


Short-lived isotopes. To use the 


find the 
ntersection of half-life and specimen 
AcTIVIt' in 


chart for short-lived isotopes, 


minute) and 
the bottom. 
ie result is accurate only in terms of 


counts pel 


ad exposure time = at 


} 


the formula 


In practice, a simple correction will 
isually be 


applied to the activity of 


the specimen to correct for individual 


conditions, e.g 


counter efficiency, iso- 


tope mission, isotope localization, 


area, emulsion sensitivity, 
wutoradiographic density, and 
hon 


be found from experience that 


g procedure example, 
= made useful if the specimen 
orrected to twice (or other 


it indicated for a given eXpo- 


FIG. 4. Apparatus for rapid measure- 
ment of specimen activity 
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Determination of activity needed. 
One major practical use of the chart is 
the 


needed = for 


prediction of activity 
For 
example, if an experiment is planned 
Na*4, the chart that 
will be inadequate if the 


activity of the specimen is below 5,000 


Tinian 
adequate exposure 
with predicts 
exposure 
epm. The triangular area at the lower 
right represents inadequate activity in 
the specimen. 

The Fig. 2 the 
curved portions of the lines for speci- 
the 
half-life is greater than twice the expo- 


regions in above 


men activity are areas in which 


sure time. In these regions the error 
introduced by considering the half-life 
as infinite is slight from the autoradio- 
graphic standpoint. The greatest use 
of the chart, therefore 
half-life 


example, on this seale 


is in the long 
the hon 
an activity ol 


scale across top. 
$,000 cpm calls for an exposure of 24 hr. 
This would apply to all radioisotopes 
with half-lives greater than two davs; 
however, if the exposure is equal to the 
half-life, the exposure time found by 
the 
about one-half of that required. 


scale is 
When 
the seale to a 


using “infinite half-life 
it is desired to change 
particular relation indicated by expe- 
rience, this may be done by tracing the 
appropriate horizontal scale from Fig. 
2 and multiplying the values for speci- 
men activity by the appropriate factor. 
Likewise, scales can be prepared for a 
particular short-lived isotope by trae- 
ing the horizontal line corresponding 
to its half-life. The 


for each activity are 


exposure times 
found as indicated 
in the small cirele at the lower 
9 


portion 
ol Fig 

The necessity for proper autoradio- 
graphic exposure can be demonstrated 


even with emissions of such short range 


Although their 
in the order of 


as alpha particles 


range in emulsions ts 
only 204, Fig. 3 shows that gross mis- 
interpretations are not impossible 


In practice, the chart for exposure 


calculation is useful even in different 
laboratories and for different personnel. 

Autoradiographic apparatus. A 
rapid uniform technique for measuring 
the beta activity of specimens for auto- 
radiographic PUrposes ean be achieved 
by such an apparatus as that shown in 
Vig. 4. 
and pressed flush with the edge of the 
pan with a flat object. A slot is cut 
to hold microscope slides in constant 


The specimen is set in soft wax 


position. The lever is adjusted so that 
the upper edge ol the pan comes flush 
with the Geiger-tube guard 

The great usefulness and simplicity 
the 
advent of beta nuclear track autoradio- 


of survey autoradiographs (4), 


graphs (6), the perfection of methods 


for autoradiography with water solu- 
ble radio-active compounds (7), and 
the labeled 


compounds promises great expansion of 


Increasing availability of 


autoradiographic applications 
* * 


esented 


lmeri- 


This a cle is based on ¢ (1p p 

e the 118th annual meeting of the 

an i 

Science, Subsectio 
Decembn 

performed unde ove it Contract 
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cement of 
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phia, was 
1/amos 
Laboratory of the ersity of 
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Kinetic Behavior of a 
ermal Heavy-Water Reactor 


Th 


A fast-detection technique was used to study power-level variations following 


a sudden change in reactivity of the JEEP reactor. Comparison with theory 


yields a value for the average neutron lifetime in the reactor of 2 « 10 * sec 





By A. LUNDBY and N. HOLT 
Joint Establishment for 
Nuclear Energy Research 

K jeller, Norway : 
Concrete 





REACTOR CONTROL DATA and 
tant 
by studving the kinetic behavior of a 


This deals 


experimental study that m 


impor- 
, 1 Graphite 
be derived , 


reactor constants can 


reactor. article with an 





iKeS Use oO! 


el 








(1) to evaluate the power-ley Rubber tube” 


theory 


transients observed following 


/ 
Microswitch 
In reactivity. 








Experimental Approach 
The 


involves producing either ; 


usual experimenta 








step-function local change in 


tiplication factor The amy 








0 





phase relationships or 


Variations im neutron 
are measured 


When the 


changed) from 


FIG. 1. Schematic diagram of experimental arrangement. Dimensions are not to scale 


reactivits 


zero to 


negative) value, the neutron flux re- — effective reacto; the reactor tube was 


Its 


during core, the rubber 


10 


volume 
than 6 
rapid 


sponds with initial 


fall) 


to oa 


an steep 1 7 nterval of not more stretched to about twice normal 


with a time constant caused a increase rth The release was effected by 


eutting the Nylon line The rabbit 


then snapped to a stopper at the outer 


few-tenths of a 


SPCOT irom zero 
to a 


or a small neg 
| 


followed by a slower rise alue 


the 


positive \ 


record initial last suriace ot the concrete shield. 


neutron flux, it is necessa 
the reactivity. within I 
follow the consequent cl 
intervals 


during time 


order of magnitude 


This article deals with t] 
the exces 


that when 


HTISes 


multiplication factor is sudd 


positive. The change 


plished by projecting api 


tron-absorbing cadmium 


22 


Wiis 


Equipment 
The al 


t! ind 


pli ed 


rabbit 


reacts 
ee 


user 


\\ 


sO! be I 


minum tube in an isotoy 


consisted of a l-mm 


long cadmium 
Lucite 
The 


moved smoothly 


in a containe! 


rabbit.” Lucite-sur- 
Inside an 
channel 
A Nylon line 


Fig. | 


T 


to pull the rabbit into the 


hen the rabbit inside 


Wiis 


To 
In reactol 


detector Ww 


obtain a record of the variations 


level, a scintillation 
located 
the 


I] 
cell 


power 
in either 
thermal 


is 


an 


isO- 
tope channel o1 column. 
The 
f-cen 


containel 


scintillation consisted of a 


2-em-deep Lucite 
filled } ol 
in phenyleyclohexane (3 
It looked at a l-mm-thick 


which con- 


i-diameter and 


with a solution 
p-terpheny| 
gm. liter 

Cd 
verter ol 


radiator served 


as a 


into y-radiation. 
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neutrons 




















FIG. 2. 
is recorded on upper 
cycles/sec). 

time of rabbit 


Typical recorder pattern. 
trace. 


FIG. 3. 
of rabbit. 


Light pulses from the y-rays scattered 
in the scintillator were detected by an 
RCA 5819 photomultiplier. The out- 
put pulses were amplified in a cathode 
follower and a distributed amplifier 
and were then counted with a scale of 
104, 
sec. Counting rate was proportional to 
the 


Over-all resolving time was 10 


reactor power level as long as 
counting losses were negligible. 
The output from the last stage in 
the scaler was applied to one channel 
At each 8,000th 
the recorder received a current 
that lasted until the 10,000th 
The chart 


ch sec, 


of a Brush recorder. 
pulse, 
pulse 
arrived, recordet 


10.5 


pulse 
traveled Thus, a re- 
corder pattern was obtained as shown 
in Fig. 2 

A 50-eycles see signal was applied 
to the other 


The amplitude of this signal was re- 


channel of the recorder. 


duced to half its normal size during the 
traveling time of the rabbit. This was 
by introducing a dropping resis- 


with this channel of the 


done 
tor in series 
recorder by means of two micro- 
switches, one at the release end of the 
track 
end The time during which the rab- 


bit had an effeet on the 


rabbit and one at the receiver 
reactivity Was 
one-quarter of this time of flight. 


Measurements 

The experiments were performed in 
The rabbit 
led into the reactor and the 


the following sequence: 


] 
| 


was pu 


power level stabilized to a value 
Q.1-1 kw 
in th 


tween 10° 


such that the counting rate 
was be- 
The re- 


counter 
10* eps. 


scintillation 


and 5 > 
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Arrival of every 10‘th pulse 
Lower trace fixes time scale (50 
Amplitude of lower trace is reduced during transit 


Variation of neutron counting rate with time after ejection 
Curves based on 104, 5 X 10°, or higher counts. 
steep increase occupies longer time when shorter period follows. 
When initial power level is 500 watts or less, amplitude of initial fast 
rise is influenced by photoneutron background (2) 


Counting Rote (arbitrary scale) 


Initial 








~15x109 





0 6h os WwW SS 
Time (sec) 








this level fon 
The 


seconds 


actor Was run at power 
recorder Was 
later the 


The divergence 


several minutes. 
started, and a few 
rabbit 
was followed for several minutes. 
The 


peaks representing the arrival of LO‘ 


was released. 


distance between consecutive 
pulses was measured on the recorder 
chart. 

used to 


The 50-cycles sec signal was 
the 


inverting, 


translate mensurements 


into time. By counts per 
second were obtained. 

In cases of very high counting rates, 
had to be 
The 
found by the 
the reactor and recording the neutron 


a correction applied for 


counting losses correction Was 


varying power level of 
flux with a BF s-counter and the scin- 
tillation The BEFs-counter 
was always counting slow enough to 
The 
on the other hand, 
that 
10' Cps) toa value 


counter. 


have negligible counting losses. 
scintillation counter 
had a 


from a low value 


counting rate increased 
an order of magnitude higher than the 
ones encountered in the experiments. 
Counting corrections never amounted 
to more than a few per cent. 

Other conditions being equal, the 
experimental results did not differ more 
than statistical errors whether the scin- 
tillation counter was placed at the sur- 
face or inside the shield or in the ther- 
Corrected 


a number of experimental 


mal column. results are 
plotted for 


situations (reactivities) in Fig. 3. 


Theoretical Approach 
The of the data 


can be interpreted by using a simple 


general features 


theory of reactor kineties. It will be 


assumed that the neutron density in 
the reactor can be represented as a 
product of a space- and a time-de- 
When dealing with 
the 


“approxi- 


pendent function. 


neutron densities over 
this 
mately correct if the induced variations 


small, 


average 
reactor, assumption is 
in the multiplication factor are 
How small the variations need be is 
dependent on factors such as the kind 
of averages observed, the locality and 
extension of the region over which the 
neutron reproduction is changed, ete. 
In these experiments, neutron waves 
are generated when the rabbit, which 
sink of 


surtace ot 


represents a neutrons, moves 
the the 


However, the effects of these waves are 


towards reactor, 
probably averaged suitably by ‘look- 
counter 
track 


at a large distance from the dis- 


with «a 
rabbit 


ing’ into the reactor 
about 50 em above the 
and 
turbance (Fig. 1). 

The over-all response of a reactor to 
a step-function change in the multi- 
plication factor will be considered first. 
Temperature effects and the build-up 
of neutron-absorbing fission products 
will be neglected. If the effective mul- 


tiplication factor, suddenly 


brought above unity by an 


Veff, Is 
amount 
kx, the consequent rate of change of 
the the 
reactor diffusion 


thermal-neutron density in 


will, according to 


theory, be 


On(r,t) fees 
= n(r,t) 


at E {? 
= 
Oe (7b) = 
—- Po (B? 
» at - ’ 


1 











~ 
oO 


o @® 


Considering delayed photoneutrons 


Counting Rate 


7 


occ 
L- 


Neglecting deloyed photor 


os 
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FIG. 4. Reactivity vs stable period for /* 2X 10°'sec. Eq. 6 FIG. 5. Comparison of theory (solid curve) using Eq. 3 and con- 
and data from Table | used for dashed curve. Delayed photo- stants from Table 2, with experiments (points) for k 0.0025. 
neutrons have longer lifetime than delayed neutrons. For given Dashed curve calculated from Eq. 8 for initial power rise 
reactivity, period of D.O reactor is longer than graphite reactor's 


where /* is the average lifet ot lela 1 neutron emitters as mea 1 \ n th ictivity, pes 


neutron in the reactor, P, is tl hy he are also and the time constants, 7%, 


three-dimensional Fourier transfor: he figures in Table 1 are uncertai » reactor is obtained. If use is 


of the infinite slowing down kernel for ‘ Vv per cent of the relations 
neutrons ina fundamental spatial mod ‘} terms under the summation 


corresponding to the buckling nin Iq. 1 should inelude a space- 


It is assumed to be ident 1 fon depen correction factor for the 


prompt, delayed and photoneutrons fheiencies of the neutrons originating 


The density of the ith delayed ne ro Irom the respective fission tragments 


emitter, ¢.(7.0), obeys the equation ompared to the prompt neutrons, 
Oc rt ntaining the ena eaction Wiel 0 engl then 
ver, the uncertainties 

Jt 
mental values of 8; and 


where Dp, Is the ratio of the mber of irge that no attempt I 


delayed neutrons of mean lit to tl to make a detailed c 
total number of neutrons emitted ir 0 tion The PUSHAVe 
fission, & is the infinite multi; ition ire used Instead 1 roots 
' See ene ee A 
factor, p the resonance es 1) prob- ! Lnultaneous Che table period ina 
The calculate i st ible pe- 


plotted in Fig. 4. 


ability, and S, the averag 

SCOPLE CrOSs section tor therma 
d the coethicients A, and Ce 
lary conditions at ¢ 0 are 


needed The experiment il procedure 


trons of average velocity 
Among the delayed neutron e1 


will be included the fission 
consists ol stabilizing the reactor 


; 


that emit neutrons subsequent 
ee ee at 3-parti lon sacl ‘= ( powel ievel at el lf l “al then 


ator suddenly 


emitters with an energ) 
produce photoneutrons il 
water >22 Mev). The 


. a — tor —s nes bie Prod= TABLE 1~ Delayed Neutron Characteristics 
abiuity ob y-rays producing tone 





trons before suffering ener 
Compton scattering o1 
tion. Rough estimates 
about 10°, of the y-rays 
collisions in the uranium 
before they are able to ge 
fuel rods into the heavy 
stein et al. (4) have measure 


vield of photoneutrons in he 

froma small sample of I 0,940 

. 15 0 

extrapolated values of the 0,8 
LYO.S800 


infinite sphere of DO ar 
Table J The characterist 
94 January, 1954 - NUCLEONICS 


1.105.200 0.05 








to the long lifetime of the delaved neu- 
tron emitters compared to l*, the de- 
layed neutrons are emitted at a con- 
stant rate at ft Q (dei(r,o)/dt = Q). 
Table 2 records some typical values of 
T, and A 


Before 


see also Fig. 5). 
comparing these theoretical 
results with experiments, we shall dis- 
cuss somewhat further the variations 
of the neutron density during a time 
of about 10°! sec after the reactivity 
the 
the delayed neutron emitters are long 


compared to 10 


is increased. Since lifetimes of 
sec,* the delayed 
neutrons will be emitted at a nearly 
the 


reactor 


rate during time con- 
Thus the 


a steady 


constant 
s1che red, 


running at 


has been 


power (neutron 
density n,) up to the time when the 
effective multiplication factor is made 


Rex 


the following few tenths of a second the 


positive by an amount During 


reactor contains a constant source of 
neutrons due to the previously ace 
cumulated delayed neutron emitters. 
Since the response of the reactor takes 
place as if the delayed neutrons did 
not contribute to the excess multipli- 
cation, the i 
Ba Bh 

of the neutron density during an initial 


time f the order of 10 


effective increase in Fk 1s 


Thus, the rate of change 


a source term S is included. 


constant, integration yields 


neutron density increases 
(Bkizz — kez) 
The density approaches an 
Bkesy + SI*/ng) 


3k, i.). The appropriateness of 


with a time constant [* 


isymptotir value 


this desc demonstrated in 


Figs. 5 
have been calculated from Eq. 8. 


ription is 


6 and 7, where the dashed lines 


Comparison 
Due to the finite time of flight of 
the rabbit through the reacting core 
0.06 see), the multiplication factor 
like a true step-function 
If Eq. 7 


a function of time, an estimate 


loes not vary 
of time is integrated with 
kee as 
of the influence of this perturbation on 

iyved 


rter than 1 sec 


emitters with a 


will contribute 


neutron 


fast rise in power. However, 
r effect negligible because of their low 


] , 
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the variation in the neutron density 
With this procedure 
it was found that the increase in n/n, 


is obtained (6). 


during the transit time of the rabbit 
was less than 10% of the asymptotic 
value of the initial rise as given by the 
time-independent solution of Eq. 7. 
The further variation of the thermal 





TABLE 2--Time Constants, 7',, and 
Coefficients, A,, For Various Delayed 
Neutron Groups, s, When p.,;; = 0.0025 


i A, 


93 
OO16 
278 
OS15 
0498 
0635 
340 
0343 
O289 
223 
O138 
0095 
O09! 
OO17 
0005 


— 1,600 
5,880 








Experiment curve 
Ommeno with Poqy=3x107> 
Calculated curves (Eq 8) 
with "=2x107> sec 
25x10 “sec 
1.5x1073sec 
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FIG. 7. Variation of neutron-counting-rate 
with time after ejection of rabbit (k,, 
10~*), dashed curves from Eq. 8 


neutron flux with time is initially well 
Kg. 8S. With Bk, ™ 
value of - 


represented by 
8 = 0.0086, the 
determined from the amplitude of the 


can be 


initial increase of the neutron density 
(=~ B/(B — k.,), for S (0) 


cess multiplication factors deduced in 


The CX- 


this way have been compared with the 
values obtained from the stable pe- 
riods according to hq. § or Fig. 4. 
The agreement is very good. 

The time constant of the initial rise, 
together with the preceding values of 
k.z, vielded the average effective life- 
the 


experiments 


time of a neutron in reactor 1*, 
Best 


theory was obtained for /* 


and 
2X 10 

sec. Consider the case in Fig. 6 as an 
The broken 
calculated according to Eq. 8 with 
ag 15 xX 107% see and 2.5 & 10 

sec. The best fit is undoubtedly ob- 
tained for (* 2 X 10 sec, 


certainty is estimated as less than 10%. 


agreement of 


example, curves were 


The influence of the steady photo- 
neutron background (2) was noticeable 
when the initial power level of the re- 
actor was below 500 watts. Figure 7 
From the stable 
periods it is found that k,. = 0.001 
for both The back- 


ground source of photoneutrons was 
0.04 watts (2). 


om, SL* ny 


—0.04 100 0.0004 for 7’, 
100 watts 


shows an example. 


steady 


cases, 


Thus, initially 


| ~0 04 500 ~). 00008 for P; 
500 watts 


and the amplitudes of the initial in- 


crease become (Eq. 8) 


{1.18 for P, 
(1.14 for P, 


100 watts 
500 watts 


in agreement with the experiments 
x * * 

The authors wish to thank M AK 
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The New Radiometallurgy Laboratory 


























Wet storage 


Ory storoge 








. l mn 
L- Radiation monit, 
M-Entronce 

] MAIN [WORK AREA of new Radiometallurgy Building is 


173-ft “canyon” that lies at right angles with two wings. 
One-story building has floor space of more than 14,000 ft 
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Ar Hanrorp Works operated in’ Richland Wash... by 
General Electric for the AEC, an $850,000 structure pro- 
vides complete facilities for metallurgical studies of irradi- 
ated metals Prime target for research in the new building 
will be solution of problems encountered in fuel slugs from 
the Hanford reactors: fuel structure, bonding, metal 
preparation and canning, and deterioration of the fuel 
element. 

To accomplish this purpose, s imples of intermediate and 
high activity levels mu be handled Thus the major 
equipment Ith the new LLL i in array. of multicurie 
cells The high-level cell \ I} ; “d for specimen mNeasure- 
ment: length, diameter, warp, fuel density One inter- 
mediate-level cell will be used for metallographic studies: 
grinding, polishing, etching, photomicrography, and micros- 
COPS The other swill be used for phy sieal and chemical 
testing of small samples: electrical resistivity, thermal con- 
ductivity, density, hardness, impact testing, and corrosion 
studies. 

Each cell has its own ventilating and filtering svstem, as 
do the decontamination cel ind the dry storage cell. 
Ventilation of the general working areas ts iwccomplished 
with machinery located in the basement 

In addition to the equipment pictured on these pages, the 
building also contains a wet storage cell that keeps irradiated 
samples under 10 ft of water; a 15-ton crane over the canyon; 
storage rooms for test equipment, a machine shop Lor 
“hot” parts; photograph darkroom; chemical preparation 
room; health instrument room; and personnel and_ office 


facilities 


January, 1954 - NUCLEONICS 





2 FOUR MULTICURIE CELLS are installed; foundations (fore- 
ground) are provided for four more. Three cells, for inter- 
mediate-level work, have Meehanite walls 10!» in. thick. Top 
plates, doors are dovetailed. Single high-level cell has walls 15 
in. thick. Ports can be used for inserting samples, for holding 
viewing windows, manipulators, etc, or can be closed with solid 
plugs. Patch |panels along walls provide 120-480 volt a-c, 24 
and_120 volt d-c 


at Hanford 


4 DRY STORAGE CELL is recessed in canyon floor. 


of individual radioactive metallurgical specimens. 
permits accurate sample positioning. 


radiation shielding 
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Five perforated 
steel disks can be rotated so that holes line up for insertion or removal 
Lead-glass window 
About 7!» ft in diameter, 6!» ft 
deep, unit holds up to 700 four-pound samples, provides adequate 


3 DECONTAMINATION CELL is actually three connected units, 
one 8 ft in diameter, other two, 4 ft. Smaller units are used 
primarily for decontaminating parts of subassemblies removed 
from equipment in large cell. Parts are placed on 1-in.-thick 
steel disks that rotate within each cell. Specially designed 
manipulators are used for cleaning by remote control. 
room is stainless-steel hood for handling very low level decon- 
tamination directly 


In same 


5 METALLOGRAPH within intermediate-level cell (top) 
is precisely controlled from panel outside (below). 
Cell floor is covered with aluminum dish-like pallet to 
provide greater control over contamination, also pro- 
vide surface on which equipment_can_be placed in cell 
with remote-control fork-lift truck 
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TABLE 1—Weight Changes (Grams) in Male Mice (3-Day Period 


Controls 


No food Vo 10d AO No food 
final fi fina final 


4 hy * Y 4 hy at hy 


24.4 
25.6 
22.8 
26.9 


26.3 
126.0 
Av. 25.2 


Average loss 
13gm 


* Weighed just before X-irradiation to 1 
t Weighed 2 days after irradiation 
Note: If one assumes no weight loss of the ntrols, prior rivation, then X-irradiation caused the experimental mice 


2.1 gm or 7% of their weight in two d 





Effect of X-Irradiation on 
Tissue Hydration in the Mouse 


Contrary to expectation, percentage change of total body water of mice submitted 
to 1,250-r X-radiation appears secondary to decrease in the aggregate 
dry weight of 5-18%. Although adult nervous tissues have been considered 


radioresistant, the dry weight of the brain increases by 7.7—-14.3% 


By ROBERTS RUGH involve changes in hydration variably has a higher percentage of 
Radiological Research Laborato ce] ir level there is the shrinking o water than does the adult, is the more 
College of Physicians and S swelling lei and cells, and altera- radiosensitive. Within the embryo, 
Columbia University tions il vtoplasmi ol-gel ba hose cellular elements that are under- 
Vew York nee, Which may be related to mitoti going the most rapid differentiation 


IN ONE WAY OR ANOTHER, hvdration — effects, « in permeabil and uch as the neuroblasts, are in a more 
(or dehydration) has been implicated l Da ice fluid state than is the neuron into 
in the syndrome following high-level ‘he mo \ issues of which it differentiates, and is some 
whole-body X-irradiation of animal he adult are the ymphoi 10,000 times as radiosensitive. 

Nausea, vomiting, diarrhea, edema 1 nd hema Opole l vhich are n , there are many who are 
fall in blood pressure, and shock a hig] uid, ‘mbryo, wl mvineed that the instantaneous dis- 


28 January, 1954 - NUCLEONICS 








TABLE 2 
Gro ip of five mice 
N-irradiated: At 


‘erage 


2.8 
l 


ov 


Average gain of O.18 gm 


tal weight of mice compared with aggregate 


Controls (5 
X-irradiated (5 
Controls (10 
X-irradiated (10 


Phe maximum loss of 7 
blood, Ty 


the tact 


between the weight of the living anim 


mph and evaporation loss which could not be avoided. Since the range was quite uniformly between 4.5-7 for all 


Wet Weight in Grams of Organs (Male Mice) 


(ontrols 


Change 


Skin 
Liver 
Intestines 
Kidneys 
Adrenals 
Spleen 
Thymus 
Brain 
Muscle 
Bone 


Carcass 


of organs : r dissection 


Before dissection After 
126.0 118.4 
124.9 119.3 
274.8 


233.4 


255.6 


220.5 


s within the limits of acceptable variation and may be disregarded 


als and the aggregate weight of all dissected 


Group of len mice 


rage N-irradiated 


O09 
15 

O44 
10 


crage loss ot 


Loss 
7.6 
5.0 
19.2 
12.9 
organs may represent 


groups, 





into OH~ and H 
recombination of its 


sociation of water 
the brief 
ions into peroxide may be thé major 
effect the 
to ionizing radiations. This 
the Importance Of 
which must function in solu- 
effect 


which may be secondary. 


and 


deleterious resulting from 
exposur¢ 
does not deny 
enzymes 
tion, nor the on chromosomes, 
One is in- 
evitably led to suspect that alterations 
in water (dissociation, balance, trans- 
port) may be the cause, the corollary, 


or the result of exposure to ioniz- 


ing radiations at levels approaching 
lethality 

(ne approach to this problem Is to 
determine the absolute and the rela- 
tive changes in water in those tissues 
the 


study 


demonstrated to be most radio- 
sensitive. This the 


data on changes in wet and dry weight 


presents 


ind percentage of water in ten sepa- 
rate organs, as well as the remaining 

ass, three days after exposure ol 
Swiss male mice to a 100% lethal dose 


of X-radiation. This dose was 1,250 r. 


Materials and Method 
Nale 12 weeks of 


age and of uniform weight were used. 


mice of 9 


SWISS 


This provided young but mature ani- 
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mals without the fluctuating hydra- 


tion changes normally accompanying 
estrus. Two sets of experiments were 


conducted, the first involved 10 mice 
(5 controls and 5 experimentals), and 
the second twice as many animals. 

All mice 
colony. They 
food and water ad libitum, except that 


were from our inbred 


were maintained on 


for 24 hr before sacrifice all were de- 


prived of food to evacuate the gut and 


reduce the animal to its essential tis- 
sues. 

Since warm tissues dehydrate in air, 
the mice were dissected rapidly after 
severing the spinal cord, and the tis- 
sues were placed on previously weighed 
filter (to absorb all fluids) and 


weighed on a Gramatic balance to the 


paper 
third place. This was true except for 
the skin and remaining carcass, which 
that they 
were weighed on a regular laboratory 
The tissues were taken in 
the following order: skin (from above 
the eves to 'y in. of the tail), liver 
bladder), gut 
stomach 


were relatively so heavy 


balance. 


(entire organ and gall 


(arge and small intestine, 


and pancreas), kidneys (two from each 
animal), adrenals (two from each ani- 


mal), spleen (entire), thymus (entire), 


brain (entire), bone (tibia muscle 


(gastrocnemicus), and careass re- 


mainder of entire animal after pre- 
ceding elements had been removed). 

weighed in 
These bottles, 


each containing all the similar tissues 


The tissues were stop- 


pered weighing bottles. 
from 5 (or 10) male mice, were then 
opened and placed in an incubator at 
100° © They 


then stoppered, cooled, and weighed. 


for seven davs were 


Further dessication was achieved by 


placing the dried tissues in a dessicator 


over anhydrous calcium chloride for 


an additional period of 3-7 days. 
The 
these 
sidered to be the absolute dry 


minimal weight recorded unde 


Various treatments Wiis con- 


weight 
of the tissues. 
Prior to excision of the tissues, each 


mouse was Individually weighed = at 


the beginning of the experiment, at 2 


days following exposure to ionizing 
radiations, and on the following day 
after 24 hr of Thus, the 
data include the effect on total body 
weight of a lethal exposure to ionizing 


radiations in addition to the weight 


starvation 


change due to deprivation of food, 
which data is balanced out by effects 


Whether or not the 
29 


on the controls. 





exposed mice were anoretic 
did 
for 24 hr prior to dissection 
The X-ray 
Quadrocondex constant-potent 
chine held at 210 kvp, 15 ma 
Cu and 0.50 Al filtration 
30 em, with 
of the body of the mice of 
The total 


the controls not ingest 


facilities used 


air dose at level of 
exposure was | 
51.5 sec Immediately 
animals (5 at a time 
the, 


regulation 


posure ol 


plastic enge), were returned 
their 


room, 


Observations and Data 
Since the X-irradiated mice v 

posed to a 100% lethal dose of 

die 


and some might 
days post-irradiation, it was 
to determine the hydration change 
of 3 days. It is true that 


well this 


some 


might survive first 
period, but it is probably corr 
assume that even those few mice 
exhibit) radiation changes in 
tissues, 

The mice for each experim 
selected on the basis of sim 
weight. The average weight 
initial group was 29.5 and 29. 
the 
those to be 
the groups, the 


was 25.5-34.4 


and 29.8 and 
X-irradiated 
MAXIMUM 
This 


among 


controls 
Within 
Variation 


vin. Variation in 


weight was found the larger 


} 
mtrol 


group where the average 


29.5 gm 
Whole-body weight changes. 
fter 48 hr removed from 


food wis 


cages (controls and experimentals 
is presumed that there was a reduc- 
on of food intake by the X-irradiated 
ce shortly after exposure, The loss 

weight the 24-hr de- 


probably similar for 


due to final 

ition Wis 
oth the controls and experimentals. 
the fact that 


quent consequence ol radiation ex- 


ther Anorexla is u 


e. the controls were subjected te 
forced 
as concerned, 
Thus 


ontrols and experimentals are directly 


lar as inges- 


the 


awnorexhi ” so 
during final 


the weight changes of 


mmparable for this period. 

During the finai period of 24 hr of 
food deprivation, the group of 10 con- 
2.0 gm, which 


theu 


average oi 
6.1% of 
the 


10 mice 


trols lost an 


represented original 


weights During same final pe- 
the 
lost 2.9 This represented 
11% Thus, the 
loss of weight due to food deprivation 
or the final 24 hr 


ent for the controls and the X-irradiated 


riod group ol exposed to 


1,250 1 gm. 
i loss of weight. 


Was not very differ- 


mice 
Assuming that food deprivation af- 
fected all mice alike, then we find that 
1.3 and 2.0 gm while 
(comparable 
These 


the controls and 


the controls lost 
X-irradiated 
£S and 5 


14.6% and 6.1% for 


the mice 


lost gm losses are 


for the X-irradiated 
inclu- 


d 16.9% 
over the three-day period, 

the 24-hr food deprivation pe- 
There is evidence, therefore, of 
first 48 
The 


in the 


riod 
within the 
X-irradiation 


loss attributable to irradiation 


loss 


sone weight 
hr following net 


larger group of 10 mice was therefore 


5.9% of the original weight 
the three 
lable | 

Wet weight of mouse organs. In 
Table 2, in the first 


compared 


lost during 
-day post-irradiation period 
see 
series of 5 mice 
with Dd experl- 
0.9 


while 


controls 


there net gain of 


the 


mentials Was i 


gm ol nggregate of tissues 


the same (living) animals had shown 
in aggregate total body loss of 0.2 gm 
see Table 1). In the 
there net 


mouse in weight of 


group of 10 
loss of 3.5 
the 
of irradiated tissues as compared with 
those of Table 2). The 
animals from which these tissues had 
Table 1) 
weight loss 
to the 


mice Was it yin 


per aggregate 


the controls 


been taken had previously 


indicated an average body 


of some 0.2 and 4.2 gm, prior 


water determinations. 

In the note appended to Table 2, it 
is indicated that the percentage loss in 
X-ir- 


when the total body 


total weight of the control and 
radiated 
data are compared with the weight of 
the 
the range of 4.5-7%. In other words, 


blood 


process ol 


nice 


rvregate of organs, falls within 


ale 


plus and lymph 


the 


evaporation 


luring excision ot 


loss 





TABLE 3—Dry Weight of Organs (Male 


Total we tght 


Control ns aued 


» 

7H 
76 
506 0 O08 
O1O4 0 OO6G8 
113 0.101 
OO7 0.538 
162 


410 


L() Q5O8 
+-() OV 
His 


a) 


i 


(ver 


Note 


spleen, adrenal 


-all loss in dry 
} 


which are lo 


Mice 


Skin 
Liver 
Intestine 
Kidney 
Adrenal 
Splee n 
Thymus 
Brain 
Muscle 
sone 


Carcass 


0.263 
0. OS] 
+0 O66 
0. O14 





30 


January, 1954 - NUCLEONICS 








TABLE 4 Water Determination in Tissues 


" water 


D ] weight 


N-rayed (1,250 7 


Tissue 


Water determinations in tissues of five male mice (average) 


68 59 
5 71 
; O08 65 79 


178 12 
0034 o4 
O427 78 


OO74 
L195 

0424 OLO9 io 
sS4 OSOS 79 
27 O695 74 
14] O757 17 
10 20 

38 gm 


67 gm 7 


Absolute water = 60% 


Skin 
Liver 
Intestine i) 
ti4 
OO64 
OS5S8 
Thymus O062 
Brain 5 
Muscle 205 
Bone 


Carcass 3.4 


Kidney 
Adrenal 


Spleen 


S gm 


Absolute 


Water determinations in tissues of ten male mice (average) 


87 
51 13 
0098 OO54 
157 O36 
0445 OLO7T 
1010 O865 
2855 O754 
1506 O851 
53 84 
17 gm 12 gm 


‘ 


Absolute water = 67 


sistent high increase 


Skin 2.89 
Liver 30 
Intestine 3.70 
Kidney 10 
Adrenal 0070 
Spleen 0407 
0050 


1263 


Thymus 
Brain 
Muscle 2842 
Bone 1517 
Carcass 2.80 


O gm 


Absolute water = 


in percentage of water in adrenal glands and intestines 


Dry weight 


change 


water in (issue 


0.0021 
0.0227 
0.0012 
0.0024 
0.074 
0.089 
1.1 


6.608 gm 


water 


Stowe NS OS 


0.00380 
0.0097 
0.0014 
0.0926 
0.0736 
0.0846 
1.20 


PS oe se es i | 
ao 9 ¢ 3 


In oe KNW 


— — de ie ee RD 


6.87 gm 


69% 





the various organs amounted to essen- 
tially the same factor for irradiated and 
control mice, and can be disregarded. 


WI ile it 
it Is physically impossible to compare 


nust be emphasized that 


the identical organ under control and 
X-irradiated 


( omparable age, 


conditions, by selecting 
seX, and 
of 5 or 10 
set of readings, we approach 
data. In Table 2, the 
ined figures are those that are 
shown an 


mice ol 


weight, and using groups 
lor each 
reproducible 
under 
either 


unchanged or have 


increase in wet weight following X-ir- 
radiation. In both series the thymus, 
brain, and bone showed an increase in 


wet weight while the intestines, muscle, 


showed some 
the 


tissues showed a de- 


wUning Carcass 


crease in one. of series 

othe 
the greatest) percentage de- 
in wet weight of organs was seen 


spleen and the skin. 
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Dry-weight changes. Thedry 
the X-irradiated 
(Table 3) aggregated less than those 


weight of tissues 


of the controls by 5.6°% (5 mice) and 
18.3% (10 mice). 
parative values are based, not on the 
but 


from carefully selected control and ex- 


Again, these com- 


identical tissues, similar tissues 


perimental animals, One must there- 
fore conclude that the aggregate dry 
weight of all the tissues of the mice 
three days after X-irradiation was less 


than that of the controls. The great- 


est percentage loss was in the thymus, 


spleen, and adrenal, with intestine, 


skin, and liver following (in that order). 


Since percentage loss in water does 


not reflect the absolute loss, it 
be pointed out that the skin lost the 


might 


most water with the intestines next. 
there 
fn the amount of dry 


Curiously, was a pronounced 


increase tissue in 


the brain and bone, and (in the group 


mice) in muscle, brain 


of 5 The 


increase Of 7@.4 
over the 
result of 


showed an 
14.3% 
comparable controls, as a 
X-irradiation. 

Water determinations 
The percentage of water in the various 
X-irradiated 


mice was determined on the basis of 


tissue 


and in dry weight 


in tissues. 


tissues of control and 
the relationship of the wet and dry 
weights On this 
Table 4), X-irradiation brought about 


an appreciable percentage Increase mm 


alone. basis (see 


content of the adrenal glands, 
the 


Was i 


wate! 
the 
experiment). 


and thymus (one 
There 


in the skin and spleen, while the other 


intestines, 
decrease 


organs were only slightly changed. 

In handling and examining an X- 
radiated and moribund mouse three 
days after exposure tg a 100% lethal 
dose of 1,250 r, one ds invariably im- 


pressed with an appearance of dehy- 
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dration. The subcutaneous tissues are 

dry and shiny. It has beer iown TABLE 5—Percentage Wet and Dry Weight Changes, 3 Days Following Lethal 

that such mice have lost 

according to Table 4, the water per- Exposure to X-Rays 

centage of all of the animals’ tissues 

shows a very slight increase. There Dry-weight change 

has been a shift of water percentage 

from the skin and the spleen and in sd aia Seer 

favor of the adrenal and intestines par- 

ticularly. But the shifting does not = 95 5°, Skin 

alter appreciably the over-all wate . 9 | "pe 

percentage of the aggregate of tissues : 283 Intestine 
A direct comparison of the water ‘ Kidney 

percentages of the control and X-i : Adrenal 

radiated tissues is given in T Spleen 

Of all, the adrenals and the 


in both series, showed fron 


Thymus 
Brain 
Muscle 


crease in water percentage 
Bone 


Wet and dry weight changes. 
When one compares the percentags 
(rather than absolute) changes 


and dry weights of the various 





following the lethal exposur 
diations (Table 5), it is 
obvious that the drv-weigh 
are far in excess of the chang vy an edema which is indicative of more radioresistant and Failla (5) sug- 
water percentage. vater retention, as well as bv net gested that this might bear some rela- 
The maximum wet-weight chang water loss as shown by a negative tionship to tumor sensitivity. France 
an increase in the adrenal gland by W r balance.” France found evi- — reported that water restriction did pro- 
13%, while the maximum dry lence of an increase in extracellular long the life but did not increase sur- 
change is a reduction in the thy \ fluid and a decrease in intracellular vival of irradiated mice, and ‘tas soon 
98%, with the spleen following by fluid following X-irradiation, and yet as they were given water ad libitum, 
drop in dry weight of a maximum of he total body water percentage in- they drank large amounts and most of 
73%. Muscle shows the least change reased only slightly from 66.3% in them died within the next 3 days”’ 
in wet and dry weight combined the controls to 71.1% 5 davs after these findings suggest that negative 
, 7 700-r X-ray whole-body exposure water balance after acute irradiation 
Review of Previous Papers Both muscle and plasma showed a f the entire organism is of survival 
The incentive for this investiga ght (0.9% and 0.5%) inerease in value A final suggestion of France 
tion was the appearance of g : vater content. France stated \lost is interesting: ‘Since the increase in 


body dehydration in) moribund an nimals show a decrease in urine out- body water was present almost a year 


after irradiation which is accom- after an acute X-irradiation, and after 


decrease In wate! dail chronic low-level exposures the 


mals following X-irradiation Wa put 
further encouraged by evi , ) panied by a greate! 


various research approaches that the intake; consequently they go into a changes may be akin to the aging 


fluid environment was somehow state of negative water balance.”” In — process.” 

volved in radiation toxicity sefor ew of the findings of this paper, it is 1. (6) found a post-irradia- 
discussing the findings of this paper, a the more significant that France pre- increase in adrenal weight, as 

days after 650 1 
the adrenal to 


130° at death 


{ 


brief review of the pertinent paper dieted The net water loss observed mil as 5: foul 
should be made to clarify the issue a ifter Irradiation might lead to the be- mice Thev found 
of the present. ef that the animals became dehy- increase in dry weight 


Many rat tissues showed 1 Increase drated after X-irradiation. But. as the per cent water Is thus almost 


in water content after high sing! na the measurement on water content and juivalent at all sacrifice periods even 
repeated doses of X-rays (/ d after water distribution show. there was a wet weight is Increasing.”’ 


a series of small dailv doses relative water retention after muid- conclude only that the 


France (2) used the thioevana lor lethal and sublethal amounts of irra- do respond after X-irradiation 


method to determine the chang 1 diatior There must be, consequently, inner not unlike that described 


water content and distributio in i gl er loss of solids in proportion to for other conditions of stress of the or- 


loss than in the normal ani- ganism The spleen was reduced to 


X-irradiation, concentrating mus mal, and perhaps a decrease in insen- — 2: f its original weight at the time 


cle, plasma, and the remaining eareas il water loss.” mice following 900-r X-ir- 
} } 


\\ th respect to dehydration and radnition Ti Cc body weight showed 


mice after chronic and bod vater 


because ‘abnormalities 
tribution and metabolism ar vp protection against X-irradiation, Petry little d the kidnev no ch: 


consequences of X-irrad ind Henshaw and Francis (4 owers and Scott (7) claimed : 


e } 
wht following irradiation of 


“the fluid unbalance is characterized und that dehvdrated seeds were 
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“it te 
no correlation 


studied and stated: 
at there is 

changes in percentage 
t and in the dry weight 
. The 
lymph 
tract 


dec reuse im 


irradiation. 
dry weight in 
gastrointestinal 
ipid 


em- 
tissue 
radiation in- 
the later 
and kidney 


a om specific 


these while 


reans, 
liy 
testis ver, 


] 


eflects in part loss of 


tissue 
m the total anorexia that 
e-body irradiation 

v hnerease mM dry 
is puzzling.” 

7 and 73% in 
<pleen Bowers and 
te: “Percent loss of 
lay is in general most 
diosensitive tissues.”’ 
snd 


not accelerate the rate 
hasten the death of 


‘exposure to 


complete ly deprived ol 
X-irradiation 
the 


the entire 


ther did 
water content ol 
is muscle or of 
he starved rat, indicating 


retention Was not respon- 
failure to find an increased 

oss In the starved-irra- 

They that the 
nt of the entire carcass as 
the 
unchanged by X-ir- 
at total body X-irra- 


lid not affect metabolism. 


believe 


rocnemius muscle of 


WAS 


ind tl 


that 
tust- 


Sutton uy found 


ifter irradiation of 
Vas a period ol poly- 
d by a drop in water in- 
They 


as to correlate water in- 


levels. would 


ition exposure as a pos- 

i] compared the tedi- 
ersus the rapid titration 

r determination in mius- 
The 
indicating 
method 


vertheless accurate. 


brain. results 
the same, 
drying used in 
is ne 
found little change in 
ontent of rat intestines fol- 
X-rays (LD 30/30), but 
they found a consistent 

iter content 


not 


However, 
that 
in the 


would seem 
significant role 

irradia- 
Conrad found that 


all and large intestines 
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changes after 


during the 
X-irradiation of 
than 


not 


loss of weight 


showed a 
first 3 or 4 days after 
the rat, greatel 
the He did 
attribute the weight changes to edema 
the but 
were in large part due to specific ef- 
fects ol 
effects” 


It has been shown 


which loss was 


bodyv-weight 


loss 


or dehydration of tissues,” 
radiation.” These 
were not enumerated 


lo that 


specifi 


mice ol 


Si 
ol 20 gm 


body weight normally con- 
sume about 6 gm of drinking water per 
This is 24% by 


represents a higher 


day. about weight 


and consumption 
per unit of weight than that shown by 
rats, rabbits, 
The lowest rate of 
the albino rat 


guinea pigs, or hamsters. 


consumption 
rather than the 


wiutel 
Is by 


hamster, as one might assume 


Conclusions 


This study was initiated on the pre- 
sumption that it would help to 
those organs o1 that 
the greatest shift 
that 


on those particular 


spot 
tissues showed 
in water balance so 
focused 
the 
hope of maintaining their specifie wa- 


protect ” the 


further studies could) be 


organs with 
ter content and thereby 
animal 

the 
opposed to 
shift 


As often happens In research 
diametrically 
The 


seems to be 


results are 


those anticipated. wate! 


percentage wise second- 
ary to an almost universal decrease in 
the 
the 


in wate! 


drv (material) weight of various 


tissues studied. True adrenal 


gland showed an mecrease per- 


centage (13 and 12%), but this type of 


change can follow stress situations 


(14-17): the same adrenal showed an 
absolute decrease in dry weight by 38% 
and 40% in the two sets of experiments. 
bone, and = carcass 


Likewise, muscle, 


exhibited an actual increase in wate 
percentage following ‘ lethal exposure 
to X-irradiations, while the 


addition to muscle, bone 


brain (in 
and Cy ‘ass 


increase in dry weight. 
indeed, the 
this study for the 


tissues of the adult have 


showed an 
This 
aspect ol 


Was, most startling 
nervous 
long been re- 


The 


two series 


garded as highly radioresistant. 
15 mice X-irradiated in the 
fand 14.5% 


the 15 


showed increase of in dry 


weight of the brain over com- 


Very 


will be obliged to return to the nervous 


parable controls, possibly we 
system as the more seriously, though 
less obviously, affected of all the Sys- 
tems by sublethal and lethal exposure 
to ionizing radiations 


The dry weight showed the maxi- 


mum relative decrease in’ thymus, 


spleen, and adrenal, as one might ex- 


pect from general cytopenia. How- 


considers the 


there 


ever, when one entire 


aggregate tissues was a de- 


crease of 5.6% and 18.39% in dry 


weight. This was quite different from 
the percentage change in water, which 


actually showed an increase when the 
considered 


that N-ra- 


solid 


aggregate of tissues 


It is 


diation damage involves the 


Was 
certainly suggestive 
Mise 
terials of protoplasm more drastically 
than the fluid although 
cannot deny the latter and 


causal relation to the forme 


balance one 


its possible 


* * 


This 


assistance of 


study was made poss 
Urs. Lottie 
wo was performed under Contract 


GEN-70 with the I S 


Commission 
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Gamma-Ray S$ 


cintillation Counter 


or Weak Radioactive Solutions 


By C. P. HAIGH 
Research Department 
Barrou Hospital, Barro 
Bristol, England 


MANY RADIOACTIVE TRA‘ 
tions, especially in medical 
cal work where the size of 
restricted, involve meas 
active samples of very 


Frequently, the most sensift 


> imples 


nique is to use liquid 
dipping or jacketed thin-w 
counter. If the assay 

by gamma as well as | 

the scintillation counter 
great gamma-ray detectio 
may be used often wit] 
advantage, provided the 
ditions for measuring we 
established. 

This paper concerns 
scintillation counter aday 
liquid samples of up to 
comparison of its) per 
that of the jacketed beta 


measuring solutions of ['*! Qt! 


0.637, 14° 0.363, 0.282, 0.08 Me 
and Fe? (y:50% 1.3, 50% 1.1 Me 
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FIG. 1. 




















Scintillation counter arrangement. Sample 


container, lying on one side at left, is diagramed 
at right (dimensions in mm) 


In Britain, the jacketed beta counter 

’) has become almost a standard 
instrument for this purpose, although 
ts efficiency falls rapidly with beta-ray 
energy, and it is completely insensitive 
to beta rays below 0.3 Mev. Thus, 
while for isotopes such as P*®? (6:1.7 
Mev) and Na*4 (8:1.4 Mev 


ties (defined as counting rate sample 


sensitivi- 
disintegration rate) approaching 10% 
obtained, there are several 
Importance notably I 

3:0.60, 0.31 Mev), Fe®? (3:0.46, 0.26 
\le\ Br*? (3:0.45, 0.32 Mev), and 
Co! B:0.30 Mev), for which the 
is less than 1% With I) 

for example, the sensitivity is such 


that about 107° e (Le., 


ean be 


others ol 


SENSITIVITY 


10 ml of a solu- 
ion containing 107'8 e/ml) is needed 
double the normal background rate 
0.16 to 0.20 eps. This is not the 
ast detectable activity, but unde 
hese conditions a minimum combined 
counting time (3) of over 3,000 sec 1s 
quired to realize an r.m.s. error not 
rreater than 10° (four and ten times 


for errors of 5% and 1° 


( respec- 


apart) trom the 


uneconomic 


| 
arge, unKnNOWN errors May 


result from instrument fluctuations 
during such prolonged measurements. 
For such isotopes, the jacketed counter, 
like a number of other liquid-sample 
is therefore reaching its 


counters / 


useful lower limit at the 107° ¢ level. 


Optimum Operating Conditions 

For samples of sufficiently low activ- 
ity, the sample counting rate, F,, is of 
the same order as the background 
counting rate, R,. In these circum- 
stances, the magnitude of the counter 
nal noise ratio, R./R,, 
tant as the 
where S is the disintegration rate of 


Sig 


is as impor- 
sensitivity, ¢ R,/S 
the sample), in determining the over- 
all merit of the counter. R, cannot be 
measured directly but only from sep- 
arate measurements of R, = (R, + R,) 
and R 


the factor r RR, as a measure of 


‘it is therefore convenient to use 


ial noise, 
Loevinger and Berman } have 
shown that for given values of r and 
the required per cent error in R, 
certain values of the total, 
background, .V;, counts ob- 


measuring R, and R, that 
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A scintillation counter provides a practical limit of 10 ‘'c ml 


with |'*' and Fe” solutions, bettering the jacketed beta counter's 


10 ‘"c/ml limit. 


minimize the combined measuring time, 


T=T,+ Ts. 


These are 


Gag r+ 
V r— 1)? 


Vv; Vor 


from which 


1o0o0\? 
(0) /mive a 


different 


performance of 


In comparing radiation 
the the 
same detector under alternative oper- 


detectors ol 


ating conditions, this concept of mini- 
mum combined time affords possibly 
the 


efficiency, 


criterion of over-all 
best 


operating conditions being that offering 


useful 
the 


most 


counter or set of 


the least combined time for measuring 
a& given sample to a given precision. 
It may thus be that the 
merit of a determined by 
and the 
The counter having 


shown (3) 
counter is 
two factors: the sensitivity, e, 
quantity e?/ Ry. 

both the largest « 


to the 


and ¢?/R, is always 
others and, if having 
the largest e but not the largest e?/R,, 
for samples of 


Sup rior 
is advantageous only 
than a certain activity. 
that, for a 
counter, the operating conditions that 


greatel 
It follows particular 
are advantageous for all sample 
strengths are those giving the maxi- 
value of e?/R, 
amounts to 
, Where R, 


any 


or, What in prac- 
the 
is due to a standard 


mum 


tice same thing, 


convenient strength. 

iivantage is greatest when meas- 
uring samples giving R, nearly equal 
For the 


mance improved, in 


to zero stronger samples 


pertol may be 
theory. by 
ing R 


appropriate to the sample strength. 


increasing ¢ (thereby reduc- 
), u this is possible, to values 


When there is no prior knowledge of 
the the 
best operated at the point of maximum 
eR, This condition was adopted in 
the present 


adjustments for 


strength, counter is 


, 
sample 


work. More specialized 


particular sample 
strengths are mentioned later, although 


the 
do not 


~ . 
ire rather tedious and in practice 


lways vield substantial gains. 
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Although the foregoing concept pro- 
the 
the 
counter, it does not take into account 


vides a means of establishing 


optimum signal noise ratio — of 
the stability of the instruments, which 
is especially of importance during ex- 
tended measurements. <A compromise 
mav be needed between the optimum 
conditions for signal noise and for 
stability 


sensitivity to fluctuations in the oper- 


if the former result in undue 
ating voltages. 

The preceding analysis is of greater 
importance in its application to the 
scintillation counter than to the Geiger 
tube, since the e and ¢?/ R, values of the 
latter do not change greatly over the 
allowed range of operating potential, 
E,. With the 
however, there are several 
that affect the 
ance, particularly those that control, at 


scintillation counter, 
variables 
profoundly perform- 
low sample counting rates, the con- 
tribution to the background from the 
inherent “noise” of 
These 
those that are 


relatively large 
the phototube. 
of two kinds: (1 


the control of the operator, such as 


variables are 


unde! 


the photomultiplier dynode potentials, 
influence both the 
the 
instrument), the gain, G, of the ampli- 
the 


pulse discrimination voltage, Hy; (2) 


E., (which greatly 


sensitivity and background = of 


fier following the multiplier, and 
those established in the design of the 
instrument, apart from the characteris- 
tics of the phototube, that determine 
the the 


eathode, e.£., optical 


strength at photo- 
the 


between the phosphor and the photo- 


signal 


coupling 


cathode and the conversion efficiency 
of the phosphor. The latter is a fune- 
tion of the energy spectrum of the inci- 
dent radiation; the conditions realizing 
the maximum value of e?/R, are there- 
fore not the same and must be assessed 
separately for different radioisotopes. 

For a given instrument, the variables 
En, Ea, 
determine the quantity e?/ RR). 
methods of 


extent, G 
There 
finding 
values, Perhaps the 
to measure R22 R, 


for some standard source as a function 


and, to a smaller 
are alternative 
then 
most satisfactory Is 


optimum 


The former is 11—20 times faster for <10 “c ml 


of By and for various dynode voltages 
within the permitted range, and from 
this family of curves to find the com- 
bination (F,,, Ea) giving the maximum 
RZ RR, With respect to the 
ratio, this is the 
advantageous operating point for the 
The effect of 


changing the amplifier gain is to dis- 


value of 
signal noise most 


radiation concerned. 


place the curves along the Fy axis. 
In practice, it is sufficient initially to 
fix G at trial, 
that is suitable for the available range 


some value, found by 


of discriminator voltages. 


Apparatus 


The 
standard commercial model 
EM 
and 
amplifier with preset gains of 30, 100 


scintillation counter was «a 


* using an 
5311 eleven-stage multiplier tube 
incorporating a “ring-of-three”’ 
and 300, the over-all resolving time of 
the instrument being better than 10 

sec. The phototube and sample cham- 
lead of 
thickness. For use 


samples “the 


ber were screened by 5 em 


minimum with 


liquid instrument was 
inverted so that the multiplier tube 
the 
phosphor projected upwards into the 
(Fig. 1). The 
phosphor was a cylindrical erystal of 
with 1% 
17.5 
thin- 


container. 


and amplifier were below and 


measuring chamber 


sodium iodide activated 
thallium iodide, 23.8 mm long by 
diameter and sealed in a 
(O.43 


liquid samples 


mm 
walled brass 


The 


evlindrical 


mm) 
were placed in 
polythene containers — of 


annular cross-section, which were a 
sliding fit over the erystal container, 
thereby surrounding all but the circular 
base of the crystal with the sample, 
This arrangement and the dimensions 
of the sample containers (Fig. 1) were 
found after many trials to be the best 
for 10-ml samples (4). 

The jacketed beta counter was of 


the most recent type with an evapo- 


* The laboratory 
N502 manufactured 


Ltd., Southend-on-Sea 


scintillation counter 
by E. K. Cole 
england, and modi- 


fied by them as deseribed in the text 


type 
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rated metal cathode.* ol 1 for the 200-pse 


ray energies, the sensiti t I yf > heta ounter, 


counters differs considerab rom ome hat ! i were I 


to another (2). A batel 
all with similar backg 
examined with both 1] 
tions, and the most ser 
chosen. By comparis 
sults of Rose and Emer 
that the sensitivity 
TANT 


Nn eonjunet or 


preamiplilte 
of 2OO user 

The retnaining elect 
comprised it combined 
Inator aqme 
Ing time of | psec 
bias, and a sea Ing tactol 
voltuge unit wit} 
than O.1°%, output 
from O to 2.000 


unit for measuring 


Radioactive Standards 


The various sources of | 
were prepared from concent 
tions containing | om 
of Fe’, respectivel 
mensured bv the Brit 
energy Research Estab 
error in these measure! 
to be not greater than 

Grade B volumet 
used for the dilutions 
were all aqueous so] 
nearly unit densit 
tions containing 1 
the Fe°*’ preparations 
ride and 1&% 
stabilizing purpos 


element, standards 


prepared, the 
one of these 
greater than 
ratios (of the sa 


than +2¢ 


Signal /Noise Ratio 
To give high « 
henee rapid) measuret 
point, LO-ml samples 

activity were used 
R,? Rk, characteristics 
The sample counting 


mined ti 


mianulactures 
tronics, Dunb 


England 
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aveous slg- 


choice 


t LO 
both in- 
function 


volumes. 
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The results given in Fig. 4 are con- 
terms of the 
quantity Q Rt Ry» 10), 
R, and Ry are the counting rates due 
to samples of v and 10 ml, respectively. 
These Qf(t 


veniently expressed in 


where 


curves are independent of 
the sample strength. 

Fon each counter there was an 
optimum sample volume giving maxi- 
mum sensitivity the beta 
counter and 3 to 4 ml with the seintilla- 
The latter 


less dependent on the sample 


5.5 ml for 
tion counter. had «a sensi- 
tivity 
volume than that of the beta counter, 
and it had the same Qf(v) characteristic 
for both the isotopes examined. 

The relative increase in sensitivity 
with the optimum sample volumes over 
that with the 10 ml samples was 1.48 
and 1.59 for Fe®’ and I'', respectively, 
with the beta counter and 1.27 in both 
with the scintillation counter. 
With the beta this effect is 
due mainly to variations in wall thick- 


counter, 


ness, particularly at the ends of the 
Imperfect optical properties and 
the 


principally responsible in the case of 


tube. 
nonuniformity — of phosphor are 


the scintillation counter, geometrical 
changes probably contributing also for 
sample volumes approaching 10 ml. 

In relation to the over-all efficiency 
of liquuid counters, two principal types 
therefore be 
the 
specific activity of solutions for which 
the 


the maximum 


of mensasurements must 


considered: (a) measurement. of 


greatest sensitivity obtains with 


sample volumes; (b) 
measurement of a given total activity, 
the greatest sensitivity resulting when 
the 
optimum liquid volume for the particu- 


sample is concentrated in’ the 
lar counter. 
Specific activity measurements are 
possibly the more common. Since, in 
any ease where the sample activity is 
is preferable to 


sufficiently great, it 


work with constant sample volumes, 
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FIG. 2. 


Characteristics of beta counter with Fe°®; similar results obtained with |'*! 


the majority of measurements are of 


the first type. For very weak radio- 
active samples, however, it is advan- 
tugeous to work with optimum sample 
this is 


This may result in rather more elabo- 


volumes, assuming possible. 
rate experimental techniques and the 
introduction of correction factors, but 
there is a useful gain in sensitivity at 


very low levels of activity. 


Sensitivity Measurements 


The sensitivities of the two counters, 


each working under the most advan- 
tageous conditions for the isotope con- 
cerned, were measured using the range 
of ]'3! 


mentioned, 


and Fe®* solutions previously 


The 


10-ml samples, 


measurements were 
and the 


results relating to the optimum sample 


made with 
volumes were calculated by means of 
the 
above. 
The 
standard solution were determined to a 
statistical error of +1% 
the 10°" ¢ 
counter). 


Various sensitivity factors given 


counting rates due to each 


except lor 
ml standards in the beta 
Within this error the sensi- 
tivities were found to be constant over 
the given range of sample strengths. 
The results, shown in the table, are 
the groups of 


means of the various 


measurements. The sensitivities, ¢ 
sample counting rate/sample disinte- 
rate, are expressed as 


gration per- 


centages and also in terms of the 
counting rates (per sec) due to samples 
of 10°° e& total The 


absolute sensitivities 


activity. errors 


in the include 
those in the radioactive standards to 
which the sensitivity ratios are not 
subject. 


The background of the beta counter 
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Signal noise characteristics of scintillation counter (to avoid confusion, errors indicated on only one curve) 








Comparison of Sensitivities of Gamma-Ray Scintillation and Beta Counters 


tltion counter 


‘i / ( } Sample 
Il so- “un CrenCH ain ple ve t dite 


technique lo pe 


Veasuring 


Specific 
metivity 


measurement 


Optimum 
liquid 
volume 


method 


Jacketed beta coun 





scintillation counter is useful for 
samples of 0.25 to 0.3 times the least 
measurable with the beta 
On this FR, R and 


both these 


volume { the 


depended on the sample 


was slightly greater with the 5.5 
optimum volume than when the jacket ctivits 
full. This 


advantage of using 


Was tends to offset counter. basis, 


optimum nple or J counters are appar- 


volumes at low activity levels ent superior to any of the several 


counting methods reviewed by 


and Perkinson (4), the scintilla- 


" i bit] ‘ d 
Discussion Bruner 
counter by a factor not less than 6. 


The R R CTi- 


a complete indication of 


Depending upon the particul tion 


uring technique employed, the g Counting time. 


ray scintillation counter dese on is not 


here is between 7 and 9.6 times 1 weak-sample performance of count- 


sensitive than the Veall beta coun it is principally concerned with 


for assaying liquid samples of signal/noise ratio and does not 


and Fe®, 
for the 


measurements 


the greatest increases nto account the time requir 


specific activity t ieasurements. For this purpose 


10-ml Mi} ! ore 


more useful 


with satisfactory) minimum-com- 


lor strong samples ed-time criterion must be use 


giving 
these factors are ¢: 7 I Phe combined time re- 
of the 
method. ind Fe 
The rate, Ry, 0 f +10% has 
scintillation counter is not gre s and is plotted as a 

2.7 times that of the beta counte mople Fig. 5. For 
the former to the 


Thus, 


only the larger sensitivity, ¢ 


Dinu 
superiority I | y-ria uired by each counter to measure I 
‘samples within 


an r.m.s erro 


background been caleulated from 
function of 
strength in sim- 
these curves relate only 


10-ml samples the 
activity 


instrument 


the larger e R, value and measurements 


alwavs the better instrument used for any other per 


’ solutions 


Moreover 


becomes progressively vrente i 1) ol the 


uring I'*! and Fe by multiplying the 10% error 


the concentration. » factor (10/1 
scintillation 
creasing sample strengths I the curves for the 


more 


Consider tnitially tl ve optimum sample volume con- 


ived by dividing the 
Fig. 5 the relative 
1.27. This 


approximate, especially 


strengths given in the tal 
in sample counting rates e 
background rate, R R 


factor proce- 


and different measuri dur s only 


This condition i 


instruments 


techniques. weaker samples, in the beta- 


general use as an indication t suunter case owing to the change in 


minimum measurable samy ound with sample volume. 


The 
38 


results suggest that minimum-combined-time curves 


summarize the performances ol the 


counters and only a few comments are 
measuring to a 


total 


needed For viven 


precision sumples of activity 
10 ( e., solutions of 107% ¢ 
the s 11.0 
13.0 times more rapid than the beta 
counter for | and Fe 
At 10 total activity 
increase to 15.5 and 20.0 
and 30.0 the 107!° level. 

Actually, it is doubtful if the beta 


ml), 


intillation counter ts and 


respectively. 
these factors 


and to 24.0 


would be used for samples 


countel 
| 


below 10°° ¢, for at this level the mini- 


combined time to realize an 


Ly 


mum 
is already of the order of 


time, the 


error ol 
2 OOO se In a similar 
counter could 
of about 1.7 X* 10 ( 
Thus 


measuring time required for 


ition measure a 
to the 
islon. in terms of the 
samples 
low 107° ¢, the scintillation counter 
is better than the beta counter by a 
factor of 11.0 to 20.0, and it extends 
the range of measurements by a tactor 
below the least 


with the 


about 10 activity 


measurable beta counter. 


This superior time requirement of the 


scintillation counter is a tremendous 


ve in work with weak 
Even at the lowest 


levels 


many 
measur- 
~107"! 
stability 


S LTnpic = 
solutions of 
instrument’s high 
dence in the results of lengthy 

isurements. 
Other radioisotopes. This im- 
performance is not confined to 
Fe®?, but obtains for any 


isotopes having a favorable rela- 
between the beta and gamma-ray 


For example according to 
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Jocketed beto counter 


Fe>? 


Scintillation counter 
with 1'>! or Fe 59 








Somple Volume (ml) 








Effect of sample volume on counter sensitivity 


MG... 5. 


assaying |'*! and Fe 


Rose and Emery (2) the sensitivity 
of the Veall counter for 10-ml solutions 
of Br° most 0.53 and 
0.70, that [ 131, 
These emit gamma rays 
Br®? (y:1.32, 1.04, 0.77 Mev, ete.), 
Co® (y:100% 1.17, 1.33 Mev)] and 


assaved using the 


and Co*® is at 
respectively, of for 


isotopes 


mav therefore be 


counter with an advan- 
tage certainly not less than was found 
for I or Fe*®’. In faet, with Co®, 


which emits two photons of similar 


scintillation 


per disintegration, the advan- 


the scintillation counter 
for [**! 


stat istical con- 


may 
more than twice that and 
although in any 


siderations allowance must be made 


for the disintegrations 
the 
igh efficiency of the scintillation 

With Na*4, the 
Veall counter sensitivity is more than 
10 times that for I'*', the scintillation 


counter offers no advantage apart from 


proportion ol 


producing two counts owing to 


! 
which 


counter. lor 


its superior resolution time. 
Liquid vs dry counting. 
solid samples can be assayed by beta 


In general, 


counting with a greater sensitivity than 
but the 
method now provides a routine sensi- 


liquid samples, gamma-ray 
tivity with liquid samples in many cases 
comparable to that possible with dry 
beta The present arrange- 
I'! as the 


gas-flow proportional counter, is for dry 


counting. 


ment is almost as good for 


= imples 


Given similar detection sensitivities, 


liquid samples are probably superior 


to dry samples in most respects since 


they are better geometrically, are usu- 


nore easily prepared and less 
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Minimum-combined-time requirements for 
» solutions within a 10‘, error 


influenced by small irregularities in 
preparation, and involve more certain 
absorption corrections if necessary. 
Rose and Emery (2) have considered 
absorption corrections in relation to 
the Veall beta counter for liquids of 
different 


density. In 


chemical composition and 
the work, 


sorption effects were not investigated, 


present ab- 


for with gamma counting, especially 
with energies greater than 0.5 Mev and 
small volumes of liquids of low density, 
it seems reasonable to neglect absorp- 
tion effects unless there are outstanding 
the un- 
known solutions. 
Voltage settings. 
tioned that for the scintillation counter 
that 


are more advantageous at and above 


differences in standard and 


It has been men- 
there are operating conditions 


particular sample strengths than the 
standard setting, corresponding to the 
maximum value of e? RR, which is 
most advantageous for samples giving 
To establish 


rather 


R, nearly equal to zero. 
these alternative conditions is 
but to estimate the resulting 
the 


were made for several levels of sample 


tedious, 
gain in performance calculations 
activity. 

For 10-ml ['*! 
the best operating point 
1,450, Ey = 19 volts, 
with the standard setting gave ~1% 
the 
measuring time. 
10-5 ¢, the 
settings were (1,400, 
21.5) 
3% and 6%, 


state of affairs was found with Fe®* 


samples of 10°! ¢, 
| 


which compared 


Wiis 


saving in minimum combined 


For samples of 107% 
optimum (F,,, Fa) 
15) (1,550, 
volts, yielding time savings of 
A similar 


and 
and 


respectively. 





Scintillation | 
counter 


ombined Measuring Time for 10% Error (sec) 


Minimum 





Activity of 1Omi So 











This makes it clear that there is 
little to be gained, at least with the 
the 


best operating conditions for particular 


present instrument, by seeking 


sample strengths below 107-8 ¢; above 
this, the measuring periods are in any 
case becoming relatively short 
Geometry. Another 
to improve the counter-source geom- 


possibility is 


etry, for with the present arrangement 
the phosphor is traversed by rather 
less than 50% of the gamma rays from 
the sample. 

Apparently the sensitivity could be 
improved, approximately by a factor 
of two, if the sample were enclosed by 
or fitted kind of the 


phosphor. However, smaller 


into a well in 
unless 
samples were used, with a correspond- 
ing the for 


specific activity measurements, a much 


reduction in sensitivity 
larger crystal would be needed resulting 
in a greater background and inferior 
light transmission to the photocathode. 
With 


gains in performance do not seem likely 


these factors in mind substantial 


from improved geometry. 
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Analysis of Radiation Fields of 
Two Gamma-Radiation Sources 


An analysis of the radiation fields of two multikilocurie cobalt-60 gamma 


sources is presented. 


A study of the discrepancies between activities based on 


dosage determinations and those based on reactor computations is included 


By JOHN G. LEWIS, JOHN V. NEHEMIAS, DAVID E. HARMER, and JOSEPH 


University of 


Fission Products Laboratory 


Ann Irhor, Vichigan 


IN THE COURSE OF A PROGRAM to ascer- 
tain the effects of gamma radiation on 
a variety of materials, it has been 
desirable to determine: quantitativel) 
the amount of radiation to which the 
materials are exposed. Chemical and 


physical dosimetry of the radiation 
fields of the sources has been compared 
dose rate caleulations from 


with 


activities estimated by others 


neutron irradiation 


Sources 
The 

that have been emploved bot] 

cobalt-6) as the active material 


1,000-curie source. The 


two gamma-radiation souree 


eontain 


source is a hollow evlinder of 


with an inside diameter of about 2 
a wall thickness of '4 In., and a length 
I4in. The ey 
ina thin aluminum jacket and is stored 
that 


in diameter and 3 ft high 


inder is sealed 


of about 


inside a lead vault 
Samples to be irradiated 
pended down the center 
cylinder. This central reg 
region above it constitute the nei 
hood of interest for radiatio 
The 
was produced in the pile : 


National 


studies. eviinder 

Laboratory 

rated at 1,000 curies 
10-kc The 


consists of a bundle of 100 col 


source, 


each |}, in. in diameter and 10 in 
The rods are encapsulated 
minum jackets and are 


circular holder, as she 


40 


higan 


inside diameter is about 7 in. 
the holdei 


100 cobalt rods is stored near the bot- 


whose 
When not in use with its 
tom of a 17-ft-deep well of water. 

For a 
the holder is raised to floor level of the 
room that is shielded 

lls 4 ft thick 


ples may be placed so that they are in 


given radiation experiment, 


with concrete 


The radiation sam- 


the center of the raised holder of rods 
These 


ire the regions of interest for dosimetry 


ire above it or around it. 
measurements with this source. 

Che 100° ecobalt-60 
duced in the 


rods were 
Chalk 


were 


pro- 
pile at River, 
and 


9,250 


vyiven a 


De- 


Ontario, Canada, 


nominal rating of curies 


cember, 1952 


Experimental Procedure 


Dose rates were measured chemically 


vy the oxidation o7 ferrous sulfate solu- 
ions. Dilute solutions of ferrous sul- 
fate (5 & 1074M) in aerated OSA 


solution 


sul- 
furie seid were exposed to 
gainma radiation for doses of between 
> and 20 krep. The 
luced by the gamma radiation de 


ipon the 


lerri lon pro- 
pends 
tmount 


small 


presence ora 


oxvgen, which is readily furnished 


first passing air through the solu- 
For quantitative determin itions 


Wradia- 


method 


ric ion produced b 

spectrophotometric 
descr by J. Weiss of 
National Laboratory 
This method 


al absorption peak 


Brookhaven 
Wis emploved 


makes use of 


mut 304 millimicrons in 


J. MARTIN 


Optical densities of the 


measured at 


violet region. 


irradiated solutions are 
305 my and compared with those of 


known 
dilution of 


ferric solutions 


standardized 


made up by 
ferrie stock 
solution. 
In converting the chemical vield to 


radiation dosage, a value of 15.4 micro- 


] 


moles / lite! krep Was used This value 


is based on the absorption of 983 ergs 
gm of water for each roentgen of radia- 


tion The solutions were irradiated in 


glass bottles that were about 3-cm in- 


side diameter and were filled to a 


depth ol about $f cm. 
The bottles ol solution were placed 


inside and outside the 10-kilocurie 


and were placed inside the 


source 


l-kc source. Proper exposure times 
were calculated to fall within the range 


Meas- 


urement of dose rate in the l-ke source 


of the ferric ion determination. 


was carried out at times separated by 


an interval of 1 vear, and values were 


found to be consistent after correc- 


tions for radioactive decay were ap- 


plied \leasurements using a ceric 


sulfate svstem were also made and 


found to agree within experimental 


x with the ferrous sulfate results. 
Physical determinations. Two in- 
struments were emploved in the phys- 
ical determinations of the dose rates of 
both sources, 


First a 
metel 


Victoreen 


measured the 


roentgen rate 
flow be- 


n electrodes in an ionization cham- 


diation field. 


current 
twee 
ber pl wed in the ra 

a Victoreen 
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FIG. 1. Rod-holder assembly of 10-ke source FIG. 2. Geometry of cylindrical source having 
negligible wall thickness 


ured the drop in potential of a charged — formly over the surface of the eylinder. 
capacitor due to ionization current Then the contribution to the radiation 
caused by the radiation. The rate intensity at any given point due to an 
meter was calibrated against radium element of source area dA, at a dis- 
standards by the manufacturer, while tance p away, is given by 
the r-meter was calibrated against a 
cobalt standard at the University of a = aenly 1) 
Michigan. The total intensity at the given point 
Within 50 em of the center of the jis obtained by summing the contribu- 
10-ke source, the rate-meter readings tions from all elemental areas as 
were 15-20% lower than the ferrous 7 
sulfate determinations. The r-meter 7 | 2 | 
eadings were 15-20% higher than the Z=0 . 0 
ous sulfate measurements in the ard dZ 
l-ke source. The detailed significance R* + r? — 2Rr cos 6 


ee eo Integrating Eq. 2 
ers £ rq. « 


Calculation Procedure 2arr 
F (tan 


Since gamma radiation from a point + 


source may be assumed to follow the 
usual inverse-square relation, it is pos- 
sible to caleulate the dose rate at any 
position in the neighborhood of a source 
known shape and total activity by 
in integration technique similar to 
that employed in radiant-heat trans- 
fer If the geometry of the source 
shape is complicated, the resulting 
integration may be difficult. 
(As a simple shape somewhat similar 
to the two cobalt-60 sources, one may 
first consider a hollow’ eylinder of 
negligible wall thickness and = assign 
to it the power or curie rating of the 
actual source (Fig. 2)... The dimensions 
of the cylinder are taken to correspond 0 < tan 
as nearly as possible.to those of the 
actual source, and the assigned curies An alternative form may be obtained 


are assumed to be distributed uni- as shown by Iq. 5. Dewes and Good- 
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ale (3) have indicated the preliminary 


steps in this development 


2arr . 
R I (tan 
; a? 


0 < tan 


A relation given by Hancock (4) 
permits the transformation of Eqs. 3 
and 4 into Eq. 5, and vice versa. 
Equation 5 is considered more con- 
venient in most computations, except 
for R =r, Z, > L, where Iq. 3 may 
be used. 

The symbols used are defined as: 


dose rate, equivalent roentgens 
per hour 
area of source 
distance from elemental area dA 
to the point at which J is taken 
(total activity curies area of 
source, ¢m*)( 1000 me, curie)(equiy, 
roentgens at | em. hour & milli- 
curte point source 
radius of source; also constant 
radius vector of evlinder 
radial distance of point at which 
I is taken from axis of source 
central angle from R to r 
= distance parallel to axis of source 
from base of source to element dA 
Z coordinate of point at which J 
is taken 
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k 2 VJ kr (R +r) Z;/2 [re ¥ (Z41/r2)? + 1 
F(¢,k) = elliptic integral of first kind ria/(Z rn)? + 1 
of modulus kand amplitude L {7 Ly, in 

K(k) complete elliptic integral ofl 


first kind of modulus k | \ (= 4 t1+1 


Self-absorption. Self-absorption of 


a hollow cylindrical source of finite 


thickness may be approximated along 


the axis of the source by the following z,\' 
procedure (see Fig. 3). - y(’ rar 4 





It is assumed (1) that the source ts Zir\ In 
/ r 2 

of uniform unit-volume activity and (7) { ‘a 
density, (2) that absorption occurs \ r . 
only within the source, (3) that seat- t+ ri y2p*L j[r r,?|/2 
tered radiation due to the absorber 2r [7 ri] tri2inre/ris 
does not affect the dose rate, (4) that X 
radiation intensity and dose rate vary 
inversely with the square of the dis- 
tance from a point source and inversely 
with an exponential function of ab- I 1 hes 
sorber thickness, and (5) that the part 
of the source Iving outside the cone 
ri) tan ' r,/(Z) L) also fulfills the 0; 
loregoing assumptions. 

The resulting differential equation 
and its approximate integration ar I 


dl | dt Py) ” t) 


} 

o 
P . { ‘ oe 
rd@dZdr he = P(r,Z,0 








r2+ (Z Z)* " 
rer ON a 
If a three-term approximation to the ‘ee @ ae 
; ; 
exponential is employed N ae 
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FIG. 3. Geometry of cylindrical source of 
7 L | finite wall thickness 
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: \ a | FIG. 4. Dose rate on axis of 10-kc Co 
’ } source 


42 








for Z, > 0, —7r/2 < tan"! (Z, — L)/n, 
tan-! (Z, — L)/re < 4/2; 
0 < tan Z,/n, tan Z;/r2 < 2/2; 


r, > 0, r2 > 0, T1 Fe 


where P = distance between point and 
element of volume, p = density (gm 
em‘), # = mass absorption coefficient 
em?/gm), V total activity, curies 
volume of source, ¢m*)(1,000 me 
curie)(equiv. roentgens at 1 em/hour 
<x millicurie point source), and dv = 
element of volume of source. 

All other terms are defined as pre- 
viously or in Fig. 3. 

equations 5 and S were applied to 
both the 1,000- and 10,000-curie 
sources. In the case of the 1,000- 
curie source, it was simple to assume a 
evlinder with dimensions correspond- 
ing to the actual cobalt evlinder. 

In the case of the 10,000-curie 
source, the nest or bundle of 100 rods 
was assumed equivalent to a cylinder 
whose inside and outside diameters 
were the shortest and longest diamet- 
rical distances across the rod bundle. 
The 10,000 curies was assumed to be 
uniformly divided throughout this vol- 
ume, and the density of the assumed 
evlinder was taken so that its mass 
equalled that of the rods themselves. 

Dose rate of 10-kc source. Calcu- 
lated and observed values of dose rate 
for the 10-ke source of cobalt-60 are 
plotted in Figs. 4 and 5. 

The calculated values were based on 
an assumed activity of 10,000 curies. 
The observed values are considerably 
less than the caleulated values. For 
any given method of measurement, the 
observed values are a nearly constant 
fraction of the caleulated values. 

The activity computed from each 
means Of measurement appears in the 
table. In the extreme right column 
of the table, there appears the ratio of 
the curies estimated from observed 
values of dose rate to the 9,250-curie 
nominal value after correction of the 
latter value for decay 

If self-absorption is not considered, 
the activity is estimated to be from 17 
to 33% of the nominal value. If self- 
absorption is considered, the activity 
is estimated to be from 28 to 33% of 
the nominal value. These ligures are 
computed from data taken both on the 
ve and on the axis No. esti- 
mate of self-absorption was made on 
the mid-plane, however. 

Dose rate of I-kc source. Calcu- 


lated and observed values of dose rate 
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Estimates of Activities from Measurements of Dose Rates 











































Veasurements Estimate of activity (curies) Vean value 
divided 
Where Arithmeti« by decayed 
taken Vethod Date Maximum Minimum mean nominal value 
O-ke source 
AXIS Ferrous 3/53 2,500 2,100 2,500 0.26 
oxidation 3, L00* 2. 800* 2,.950* 0.33° 
Victoreen 3/53 1,700 1,400 1,550 0.17 
Rate Meter 2. 600* 2. 500* 2.550* 0. 28* 
Mid- Ferrous 3/53 2,600 2,200 2,400 0.27 
plane oxidation 
Victoreen 3/53 2 500 2,000 2.250 0.25 
Rate Meter 
Victoreen 3/53 3,000 2,900 2.950 0.33 
r-meter 
l-ke source 
AXIS Ferrous 5/52 140 0.16 
oxidation 180* 0. 20* 
5/53 130 0.16 
170* 0.21° 
Victoreen 2/53 150 110 130 0.16 
Rate Meter 190* 150* 170* 0. 20* 
Victoreen 5/52 170 0.19 
r-meter 230* 0. 26* 
5/53 160 0.20 
210* 0.26* 
* Estimates for which self-absorption was considered. 
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Co*” source 


and curies for the 1-ke source are com- 
pared in Fig. 6. 

The 
means of measurement is given in the 
table. The 


cayed nominal curies appear in the 


activity computed from each 


ratios of observed-to-de- 


right column. If self-absorption is not 
considered, the activity is estimated to 

16 to 20% of the 
If self-absorption is considered, 


be from nominal 
value. 
the activity 


to 26% ol the 
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is estimated to be from 20 


nominal value. The 


source 


figures are computed from data taken 
on the axis only. 
from the above results, 
there appears a discrepancy of about 
three-fold the the 


10-ke source, as estimated from ioniza- 


Judging 


bet ween curies in 
as calculated 
The 


parisons for the I-ke source are not so 


tion measurements and 


from neutron absorption. com- 
meaningful, since no firm estimate of 
the activity of the source was supplied 
by the makers. 


Errors in calculation. The errors in 
the methods of calculation summarized 
in Kqs. 3, 5, and & probably arise 
chiefly from the assumptions made. 
The assumption that the source has 
no thickness is evidently justified by 
the agreement of values calculated on 
this assumption with those in which 
thickness of the source is considered 
and 6), 


Figs. 4 and 5 it can be seen that the 


(see Figs. 4 However, in 


plots from data and from Eqs. 3, 5, 
and 8 differ by an approximately con- 
factor 

This result is interpreted to 


stant between any pair of 
curves. 
mean that Eqs. 3 and 5 may be used 
within limits to predict the distribu- 
tion of dose rates without considera- 
tion of self-absorption, but that accu- 
rate prediction of dose rates requires 


consideration of self-absor ption. 


Figure 6 indicates that the 1I-ke 
source is not of uniforta activity 
throughout its whole volume. The 


measured dose rates in the I-ke source 
do not vary with distance along the 
axis in the manner predicted by the cal- 
culated curves. The depression near 
the mid-plane is probably caused by 
lower unit activity inside the source in 
this region. The lower unit activity 
here is probably caused by failure of 
neutrons to penetrate to the interior 
of the source near the midplane as 
abundantly as near the ends. 

The other 


are thought to be reasonably 


assumptions introduced 
accept- 
able, although Eq. 8 converges much 
The 
value of 13.5 rep/hr at 1 em per milli- 
cobalt-60 > was 
Marinelli, 


and 


more slowly as Z, is increased. 


curie point source of 
tuken the 
Quimby, and Hine (4), 


from work of 
Wis S- 
sumed to be correct to within our ex- 
perimental error. 

Neutron-absorption activity calcu- 
lation. 
ical and physical dosimetry measure- 


Differences between the chem- 


ments were not sufficiently large to 
account for the factor of three or four 
between the nominal activities of the 
the 


Attention was then turned 


sources and those determined by 
dosimetry. 
to the nominal activities. 

Neutron absorption calculations are 
generally used by the makers of such 
sources to predict activities of irra- 
diated samples. The relationship com- 
monly used is 


1.693¢ 
0.6o0Mr — 
— ? (l—e T ) (9) 
3.7 & 10'°A 
where C = total activity of isotope 
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a “ei ropiceren ll ; Principles of the CP-3’ reactor's control system 
and 7 raction Of irradiited isotope 


present. 


Of these factors, A is known accu are used to illustrate the desirability of 
rately in most cases, a1 may be 


measured accurately In the case 


cobalt-60, with a half-life of the ord discontinuous-type servo systems for regulation 
of five vears and irradiations of the 


order of months, one is still on the of power reactors. Such systems are simple, 


nearly linear portion of the activation 
curve. Differences of 5% between 
cobalt-60 half-life determinations can compact, and economical from both 
not be considered as significant cor 
tributions to the discrepancy under 


the initial cost and maintenance standpoints 


discussion 

There are several reasons 
culty in) accurate determination 
neutron-flux density, @, and activa 
tion cross section, o: 


- Calibration ol the reference source 
used in determining @ and @ is quit By J. M. HARRER and J. A. DESHONG, Jr. 


complex. However, it seems unlike Remote Control Engineering Division 
that sucha factor could ¢ Xplain a three irgonne Vational Labo 
fold error. Lemont. Illinois 


2. The neutron-flux spectrut 


not he considered au signif int tactor 


since capture of neutrons it nol 
thermal resonance energies would g 
too low a computed value rather thar \ DISCONTINUOUS-TYPE reactor power! motors whose speed is proportional to 
| | 
the observed high value egulator is simple and compact It both (n ny) and the first derivative of 
3. Local neutron depressior ised ises a reactor’s inherent stabilizing n, Where ny is the starting or reference 
by the insertion of irradiation sample characteristics to reduce wear on the point This svstem was successfully 
of high cross section seer the most control-rod — drive mechanism The used to control the first reactor (CP-1). 
probable source of the observed d dead-zone discriminates against powe The use of the derivative stabilizes 
crepancy. Recent work of Levin and signal noise nv elementary feedback control syvs- 
Hughes 6) indieates that this rye This article considers means of np- tem Basically, the reactor is an in- 
tion is of the order of magnitude of the plying discontinuous-tyvpe regulation tegrator, whose output power, m, may 
observed discrepancy used on the CP-3’ research reactor ve expressed as 
, power reactor Attention Is fo- 
ised on the control elements that a-- nit 
The fig 8 appearing } | : ; A | 
prepared by M R.L.R ( DIis the regulatior ol reactol } 
fron with the drafting a } } } ‘ er to a preset Vaiue TI e preset 
services of the naoines , IKK J ! 1 1 . 
af the Unin es oe Vik ie itsell | - RENORIASICR —-- where it IS assumed that both oA and 
Ae re ine OT Eines of } ile either b the operate or bv the the difference between n and n remain 
Rosen and M rR. D. P plant output requirement sma or nearly zero Derivative con- 
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or Control of Power Reactors 


FIG. 1. 


set value for a long time can become a 
very monotonous job for an operator, 
Automat 

From manual operating experience 
with the CP-1 reactor, W. H. Zinn and 
his associates observed that when the 


regulation is essential. 


galvanometet indicating extent of 


power level deviation from the desired 
value) had moved a few centimeters, it 
was time to move the rod a fixed dis- 
direction. It 


seemed obvious that, instead of having 


tance in a corrective 
a regulating system with an error-plus- 
derivative velocity response, all that 
was needed was a means to set the rod 
in motion in a corrective direction at a 
fixed velocity when the galvanometer 
The 


device also would stop the motion when 


reading exceeded the error value. 


the deviation was less than the error 
value. The speed at which corrective 
6k should be inserted, and the deviation 
allowed before starting corrective ac- 
tion were both determined by observa- 
tion. An automatic system was de- 
signed to carry out these functions. 
The heart of the system was a light- 
deflection 


galvanometer whose 
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FIG, 2. 


Time-domain 


was observed by au pair ol photocells. 


Stable operation was obtained under 


most conditions of operation. The 
basic system is still in use on the CP-3’ 
research reactor at ANL (3). This 


tvpe of control is basically a discon- 
tinuous-feedback control system with a 
preset saturation velocity (or gain) that 
It can 
be analyzed by known methods (4, 4). 


PRINCIPLES OF ANALYSIS 


Examination of this system leads to 


is Opposite in sign to the error, 


some interesting data, but even more 
interesting is the fact that such a sys- 
tem has been operated successfully ona 
The CP-3’ reactor is 
used for experimental purposes and, 


nuclear reactor. 


therefore, this experience is not directly 
applicable to a power reactor. How- 
ever, more can be learned about how to 
design for a wider field of application if 
the this 
investigated. 


performance of system is 


Time Domain 
Figure 1 shows how a discontinuous 
system controls a reactor when the re- 


Reactor Bode diagram. 


Log Freqvency 
— — 
; Lal 
1, “Geir ow de with D) 


’ 


Frequency-domain 


actor is assumed to be a perfect theo- 
This 
sumption used in the first design for 
CP-1. 
either 


retical integrator, was the as- 


The control system will supply 


negative 6k,sec at a velocity, 


-v, if h exceeds (1 + a)ny; or positive 


6k/sec at a velocity, + vr, if n is less 
than (1 —a)n. It 


tive between these values. 


aia 
will remain inae- 


The value A is the total inactive zone 
of which a fraction 4 represents the 
change in nm required to de-energize 
the motor. This value represents the 


contactor hysteresis. It results from 
the fact that the current in a contactor 
coil must be substantially reduced be- 
low the pull-in value before the con- 
tactor will open. 

until 


At ty a very small increase 


The reactor is critical (6k 0 
time zero, 
in 6k is inserted. The power, n, rises 


until it exceeds the (1 + a)ny value at 
t;. The motor starts to insert negative 
6k, returning 6k to zero at a point, 2, 
with the power still outside the A zone. 
The power re-enters the A zone at to; 
but due to the effect of hysteresis, the 


until fs, at 


45 


motor continues to run 











which point the 6k value is negative 
The power will then fall until (1 a)n 
is reached at which point the evel 


This is a pure oscillator 


reversed, 
condition. 


The delayed neutron groups change 


the reactor from a pure integrator so 
that the power rise after f) is along an 
exponential curve (7) like the dotted 
line in Fig. 1. When power exceeds 
the (1 + a)no value, the corrective 6/ 
action is more effective in reducing 


power. The greater negative slop 
offers the possibility that the power 
could re-enter the A zone with the re 

tor critical. The steepness of the slope 
of the dotted 
the A zone is also 


upon the relation between the neutron 


powell Curve as it re 


1epye nade nt 


enters 
mean effective lifetime, /*, and the ce 
layed neutron time constants 
ing the 7* value increases the possibilit 
that the reactor will re-enter the 


with a 6k = 0 value. The advantage 
of entering the A zone with 6/ () is 
obvious since the reactor power will be 
more constant under this condition 
Frequency Domain 

Figure | was drawn in the time do 
main. More quantitative data ma ( 
obtained from a frequene lomail 


When the amplitude and 


analysis. 


phase functions are consider t 
light of well-known Bode feed! 
criteria (6), not only t t 
played but a convenient method 
quantitative analysis | lesigy 
poses Is also outlined 

A frequency-doma nal - s pre 
sented in Fig. 2. The solid line repre 
sents the output-to-input 
perfect theoretical integrator o1 y 
amplitude or decibel (db) seale vs log 
frequency. The solid I on t 
lowe! plot is the corresponding phase 
which for the pure integration case 
90 deg at all frequencies Phe t 
ical and experimental bases for the 
plication of the curves Fig. 2¢t 
nuclear reactor have been ceseribe 
previousl\ 

Basically, anv motor ising 


change in 6k by driving a bcs tine 


effect of introducing ti ( f 
loop an additional 90-deg phase 
This occurs because the 

the integral of the velocit 

veloped by the motor I] 

is alwavs at least ISO dee total svster 
phase shift if it is assumed that the 


actor is 
The 
46 


a perfect: inte 


Parana Virille 


inderdamped feedback control is such 
that the system gain is reduced to unity 
t a frequency for which the phase shift 
sno more than 150 deg (6). In Bode’s 
terminology this is called a phase mar- 
gin of 30 degrees with reference to the 
180-deg point where instability occurs. 

It is not possible to secure this mar- 
gin for any motor velocity or gain set- 
ting with the fictitious pure integrating 
reactor since the phase is always 180 


Thus, 


requirement of some form of 


deg or more for any gain point. 
the basic 
derivative control is recognized just as 
it was for the proportional system for 
the CP-1 reactor. 

When 


onsidered, 


delayed-neutron groups are 


the curve takes the general 


Symbols 


! neutron density, a measure 
of reactor power 
n neutron density or reactor 


power reference, usually used 
here as control demand value 

6) effective number of thermal 
neutrons produced per ther- 
mal neutron absorbed, minus 
1 (for finite reactor 

6] spurious 6k to be offset by 
control 

)} control 6k manipulated by 
control system motor 
modified mean effective neu- 
tron lifetime for finite reactor 

3 = total fraction of neutrons 

that are delayed 
velocity of control rod that is 
operated by power regulat- 
ing system, 6k sec 

K power coefficient of negative 


6k, dk unit power change 

iN reactor gain, 136” 

K motor terminal velocity, 6/ 
sec 


A A . qd 
contactor function 


G( jw forward transfer function 
characteristic 
(ig time constant of feedback 


stabilizing network 

a fraction above or below 7, at 
which control system is acti- 
vated, 2a A 

\ control dead zone, per cent 
or fraction of 7 
contactor hysteresis 
maximum power 
away from? 


excursion 


time, sec 


\ | 
frequency, radians sec 


of the dashed line of Fig. 2 ind 
the ¢ orresponding phase shift is lowered 


The 


velocity bk set 


hear 
Shiai pe 


over a small frequency range. 


system gain or motor 
can be adjusted to cause operation near 
phase-shift 
the practical case, there will be 

90 deg of 


the minimum point. In 
more 
than phase lag from the 
motor. This situation will be covered 


late! At 


consider only the relative effects of the 


present we will continue to 
reactor characteristic. 
Neutron-lifetime effect. The 


applies to a reactor 


dot- 
dash line in Fig. 2 
whose mean effective neutron lifetime 
is shorter than that for the dashed-line 
The phase lag has been reduced 
further 
neutron point 


the effective 


remaining fixed 9 


single de- 
laved 
and it extends over a wider lrequency 
range. Thus, it offers more range for 
stem gain adjustment. 

A further sta- 


Trom any 


stable control s\ 

Temperature effect. 

bilizing effect is obtained 

negative temperature coefficient exist- 
This ’ 


introduction of 


ing in the may be de- 


reactor, 
fined as the inherent 
negative 6k due to reactor temperature 


The re 


temperature 


verse would he true if 
coethicient eX- 


isted The temperature effect is due 


to many combined physical and nuclear 
effects in the core Che manner in 
\ t effects the reactor transfer 
function will now " treated more 


CONTROL OF THE CP-3’ 


An understanding of the 


prime iples 


underlying the operation of the dis- 
nt S-Type sel o used in an exist- 
gy research reactor will be useful in 
nterpreting the manner in which the 
tem’s advantages are applicable to 


ver renactol 


Transfer Function 
| gure 
re quent \ 


the CP-3’ 


3 shows the transfer function 


-lomain characteristic of 


The solid lines rep- 


reactor, 


esent the transfer function of the re- 
etor at low powel 
The reactor powel change causes the 
reactor temperature change; therefore, 
the temperature coefficient Is a powel 
oethcient of negative reactivity The 
ver coefficient is not usually effective 
intil about 10% of the design power is 
f at 
e diagram on Fig. 3 shows the 
coefficient feedback loop eNist- 
yg thin the reactor A.G(jw) rep 
esent the trequen v-domain behavior 


January, 1954 - NUCLEONICS 































































































rT | | ||) Theoretical reactor, G(jw/ Voriable voltage 
48|—+ {Lyi | | || Reoctor plus tempcoet Gi/jw/ de supply 
a fN'an-n, 
a n 
oA t | radio Rod insertion 
2 36 tT Kae 4 7'36% : ec reloy 
a - 
=) Amplitude Ap, G/jw, bhp ,35Xi0 ~ Motor }_) Gearing 
= 24 Nitude Ka Gtjeof ey 7. Rod withdrowo! J 
° 1rd pl ! reloy 
= 12-4 ; tant te A e 
° J at 5 i 3 | Y 
5 oats © yr !36% | || : 2» 
= ru i | TT TT TT eleetieetiteetienteet 
> Amplitude KpG'(jw) | ||| ss | | A 1 | Stabilizing } coccce== 
# 12 +4 + fi tiit +iith pit Lui .—| aun [-~<—+ Tachometer }- ~~~ ----- io te 
® |-G'(jw) phase | | | | | WoO UD eel 
We 24 r anil Lit } | +++ 4 + il fe) 
< op — > | | | D 
£ LIT} eee Lit iil 608 
a - + + + + + +e ++ 
Bee 'G/J~) phosell| | | | matt © 
2 1 Per | | | Tl BJ _ sal 
-ag}—+-+4444}- + ena oti ) +H 1208) aan 
1 i i Lit Lil SC Bere 
01 10 0 100 - 
Frequency ( radians /sec) 
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for the reactor at zero power. Ap is 
the power coefficient in 6k, (unit power- 
change). The power coefficient effect 
is always accompanied by a time delay 
due to the heat-transfer characteristics 
The effective delay in this 
This effect is rep- 


of the core. 

case is about 1 sec. 
resented as A p, (1 + jw) and the loop is 
closed with 6k» representing the effec- 


loop effect was calculated and is shown 


tive 6k due to the power change. 


as K’G'( jw). 

The effect of the power coefficient, as 
shown by comparing the curves, is to 
limit reactor gain at low frequencies 
for Ax’G'(jw), which includes tempera- 
ture effect, to plus 6.6 db. For the 
K 2Gjw temperature 


effect, the reactor gain approaches in- 


ease with 


ho 
finity at low frequencies. It be 
that 
cient, a small positive 6k will cause the 


can 
seen with «a temperature coeffi- 
power to rise only to a definite point. 
An 
without a 
The 


integrating 


infinite power rise would result 
coefficient. 
the reactor’s 
eliminates the 
The lag 
is reduced to 10 deg for a frequency 
high as 0.01 radian. It was 77 deg for 
the ArG(jw) case at 0.01 radian. 
\s 


coefficient, 


temperature 
nullifies 
effect 


phase lag at low frequencies, 


coefficient 


and 


His 


a result of the negative power 
the steady-state self-sta- 
bilized power is proportional to the 6k 
fed in. To change power, it is only 
necessary to displace the rod in a pro- 
portional manner similar to changing 
the coal injection rate to change power 
ina conventional power plant. 


Control of a power reactor to plus or 


minus several per cent of demand 
power is probably satisfactory. A dis- 
continuous-type control system on a 
reactor with a negative temperature 


coefficient is readily stabilized by low- 
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ering the regulating rod speed, but this 
Tight- 


ness may be important on a research 


means less control tightness. 
reactor. 


The System 

The application of the discontinuous- 
type control system to a research re- 
actor will be illustrated by an analysis 
of the CP-3’ system. 

The basic regulating loop (shown in 
The 


dotted curve does not apply to the sys- 


solid lines on Fig. 4) will be used. 
tem now under discussion. The exist- 
ing CP-3’ system has, as an ampli- 
fier, a light-beam galvanometer whose 
deflection is proportional to the dif- 
ference between a standard current and 
the ion-chamber current. As the gal- 
deflects, —photocells 
activated and close either the insertion- 


vanometet are 


or withdrawal-motor relays. Gain ad- 
justment is provided by varying the 


motor voltage, resulting in a speed 
adjustment. 

The frequency-domain behavior of 
the elements of this loop is shown by 
the equations on Fig. 5. In the equa- 
tions, the ion-chamber gain character- 
istic is lumped with the reactor charac- 
teristic. The ion chamber has flat gain 
and zero phase shift in the range of fre- 
The Cus- 


these units is indi- 


quencies being considered. 
caded behavior of 
cated on the log-polar-plane plot of 
Fig. 5. 

Log-polar-plane analysis. The 
change from the Bode-type chart anal- 
in this discussion, to 


ysis, used so fat 


the log-polar-plane plot was made be- 


cause the effect of the contactor can 
then be studied more readily. The 
mathematical basis for this chart is 


given in reference (17), but a brief de- 


scription of its makeup and use will 


serve to clarify the discussion of svstem 
performance, 

The ordinate of Fig. 5 is in decibels, 
The straight horizontal lines represent 
the normalized open-loop system gain, 
Unity gain (or 0 db) is obtained by 
dividing by the actual svstem gain fig- 
ure, computation of which is shown in 
the The 


phase degrees of lag. 


abscissa is) in 

The 
vertical lines represent the open-loop 
Thus, at 
quency, the phase and gain of the sys- 
Bode 


chart, are displayed by one curve oa 


Appendix. 
straight 
anv” tre- 


system phase. 


tem, shown in two curves on a 
the log-polar-plane chart, and the fre- 
queney value is marked for each point 
on the curve. The center point of the 
chart, 1S80-deg lag at O db (or unity 
gain), represents an oscillatory condi- 
tion for the control svstem. The con- 
trol system phase margin, referred to 
previously as a stability criterion, is the 
number of degrees by which the sys- 
tem’s curve passes to the right of this 
center point as the curve crosses the 
0 db line. 


in this article is 


The phase margin as used 
ISO deg minus the 
phase lag read on the abscissa. 
The superimposed coordinates rep- 
resent the performance expressed as a 
ratio of output to input of a system 
closed upon itself with unity feedback. 
Thus, if the phase lag and gain, AG(jw) 
of a system of elements are plotted on 
the rectangular coordinates, the phase 
lag and gain AG( jw) (1 + AG(jw)) for 
the system with unity feedback is read 
directly from the curved coordinates. 
Under the 


control 


generally encountered feed- 
the 
O0-db coordinate ot the superimposed set 


back system conditions, 
represents the critically damped condi- 
tion for a closed system. The ellipses 


to the left of this O-db line are marked 
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both in deeibel and actual 
Ciood 


tem gain values, } 


linear feed-back control s 


calls for its curve to be tat 


of the ellipses between |] 


establishing a 


veryv-oscillatory and. erit 


control system operation 
In this analysis 


the req 


tions of the reactor control 
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Input reactor 
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Contactor effect. 
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Inetion 
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ster ¢ » 


his 


this transparenc 


O-db zero- ine In connect wit! 


on 


wel Ing ystem repre- 


3 ind allowing cul 1 (motor 


( averse the lowered until the great- 


' relative at O db is obtained. 


litudes of signal 


eontactol 


the ve down 


Wel is Indicated | 0.05 


At 


nwar- 


the 
O-db 


system  < 


ul 


ve 
( I80-deg point. 


overshoot 


set 


{ Yimum Hilnit- 


Ve perimposed 


y} 


obtain 


ise margin 


velocity 
used, 


mtacto 


of 0.03. 


ities, 


tow 

te tow powel! 
about 

effectively 
the contactor 
eting the 


the 


lWiered 


ons is 
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As 


; 


reduction 
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FIG. 6. Stability of redesigned system 


below the range of the motor’s speed, 
so the A zone 
This results 


is widened to about 4% 
as before, gain reduc- 


without a 


Ina 


tion further lowering of the 


motor speed 


POWER-REACTOR CONTROL 
The CP-3’ 


, 
venient cha 


system does not permit 


while in 


con 


nging of 


It 


power 


control, is 


necessary to 


reactor on manual control, 


+} 


and then reset the 


e power, 
iutomatic system 


Design of a svstem that would pro- 


ide automatic power-level 
of 1-100% of full 
is undertaken. It to 
iniform A of 1% of the se- 


level setting 
100% 


adjust- 
ment o% 


el i range 


Was 


anywhere be- 
of maximum 
would 
10-11% 
i power, 


POSSESS 


increase uniformly 


power range to a 
The system 
stability at 
fixed motor 


be 


possible to leave the motor speed set- 


good 


sO 
ievels tor one 


speed In other words, it must 


ged under all conditions of 


operation 


Design Procedure 


The first steps involved eliminating 


. I “ase lag of the 


galvanometer and 


ng the motor phase lag 
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by using 


laste! 
\ stabilized double-ended d-c 
was substituted for the 
The 


closed relays as shown in Fig. 4. 


a motor with a time response. 
amplifier 
galvanometer 
and photocells, amplifier output 
The tube complement of the am- 
limited to two amplifier 
The 
small tube complement was made pos- 


sible 
chamber giving 250 


plifier was 


tubes and one relay-control tube. 


by using a specially-designed ion 
10° amperes at 


full reactor power, with a dynamic im- 
pedance at this current level in excess 
of 10° ohms. The 
pedance at full 


increasing 


amplifier input im- 
Was 10 
10! at 


The ion cham- 


powel rs) x 


ohms. to 5 ohms 
10% power and below. 
ber was designed to maintain 10? times 
these values in the range indicated. 


The low h 
eter 


A of 0.03 in the galvanom- 
resulted fundamentally 
In the 


amplifier system the 0.03 value 


system 
from mechanical adjustment 
new 
was obtained by using sensitive relays 
and a base current many times the cur- 
rent required for relay pull-in. A new 
motor with the frequency domain char- 
acteristics shown in Fig. 6 was used. 

The 
Fig. 4, omitting the 
back shown dotted. 
procedure as before 


Fig. 
reflects the temperature effect of power. 


control loop was set up as in 
Mmunor loop feed- 
Using the same 
the 
6 were obtained. ( 


curves A and 


‘urve A’ 


The A 
gin of about 60 deg at 


curve indicates a phase mar- 
a frequency of 
about 0.4 radian ‘sec, 
10°>* 6k 
This takes into 
Ais 10% 


power 


with a speed 
2.78 &X see Appendix). 
account the fact that 
, the value allowed at 1% re- 
At 10% power, the dead 
zone is automatically closed up to 1% 
the the 
speed is reduced to about 33 deg, 
effect. With 
considered, 42 deg 
the 


actor 


and phase margin for same 


iis- 
suming no temperature 
effect 


of phase margin 


temperature 


are obtained for 


same speed. 


Optimum Correction 

When the 
1’ of Fig. 
the 


served under 


represented by 
CP-3’ 


correction 


svstem 
6 controlled the 


minimum 


eurve 
reactor, ob- 
stable reactor 


indica- 


relatively 
operating conditions was 4 10 
a relatively large value. Some 
tion of the optimum correction size re- 
quired for this particular reactor’ is 
obtained from the following approach. 

An peak-to-peak ol 
0.2° was observed in the electric 
the re 


probably results from movements of 


average noise 
/ of n 
signal actor flux. 


It 


reactor core components or moderato! 


representing 


and represents 6k variation in the re- 
that 


since it is recurrent and tends to aver- 


actor we do not want to follow 


age out to zero. The signal noise rep- 
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resents the prompt response of thi 
reactor to the 6k variations. 

If the power demand valu set at 
100% and the reactor power is actualh 
100.4%, just inside the A zone, hig 
peaks contained in the average 0.2 


peak-to-peak value of noise would have 
a tendency to exceed the A zone up} 
limit of 100.5% and would cause a cor- 
rective rod movement If 


reactor power were 100.3, the tend 


ency for a correction due to a 1 


peak would be greatly reduced be 


of random distribution of noise peaks 


an ryt 
in opt 


This suggests that 


correction by a control system shou 


result in a prompt change in react 
powel level of O 1%, thereby great 
reducing the possibility of a | 
rection in the same directior 
reduces the number of contactor ope 
tions per unit time. The power rT 
will, for these small rapid 64 chang: 
varv directly as 6k according to tl 
prompt neutron response of 

n No) /Ne (°; 1.36 10% 6/ 
and the power change will occur in le 
than | sec. Using the 0.1‘ ect 
value, we obtain a 6k of 7.4 & 10 
This 64 would result in a reactor power 


with a period of about LO,S00 se: 
the 


suming that reactor wa 


when the correction occurred, the r¢ 
actor power will start downward on 
this slow period until it reaches lt 
of 99.6% power, at which time the 
norwse will enuse no correct l I the 


reverse direction. 
The time that elapses betweer 
timum 6k corrections is caleulated to be 
for the « 
In the actual case, of course 
the reactor probably would have beet 
supercritical at 
Therefore 


tion interval would be somewhat longer 


cee lit 
ar onait 


about 75 
seribed 


slightly 


evele started. 


than the 75 see ealeulated 

would be about 14 sec bet weer 

tions for the system show: Inve 

A’ of Fig. 6 because the eorrection ; 

tuined under the stabilit onditions 

shown (correction size observed on the 

reactor was stated as 4 ™« 10 

much larger than the optimur T 
The correction size is ersé 

portional to phase margin eretore 

the phase margin must b reased 

the required optimum é/ ection is 


to he realized, 


Performance 
Normally, the improvement | be 


obtained by using a phase-led ne 
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compares 


between 


mum value 
previously, 
relationship 
1 phase marg 


‘ 


it 


It 


n. 


2 was used 


nple network to reduce hat 
| 
| w7 
refully chosen, large 
irgin mav be obt p 
the curves Band B’ of Fi 


The | | 


7.4 X 10 


verifies the 


from curve B (no temperature 
57 deg and the phase margu 
e B includes temperature 
62 deg. The temperature 
now contributing on! about 
phase margin whereas the net- 
us tachomete are contributing 
22 deg All these values re 
it the base motor velocity for 
of 2.78 10-4 ékysec Ser 
correction made by this svs- 
le controlling CP-3’ was 9 
This favorably with 


Reactor a oo 
S + Bk a 4 N10005 hn 5k. 
; 967, js) 9. > "Fen > 
Ek n 
¢ 0 
| =: ae 4=001 n, Y 
A unit OA . 
ve ee 
2, ran 
_ 
FIG.7. System gain diagram 
thie orward transfer characteristic calculated time between eorrections of 
Howeve the increased noise amplifica- about 70 se Again, this is slichtly 
t iting from this approach ren- — shorter than would be obtained in c- 
if t useless in this case. Adding the tice due to the fact that the reactor will 
meter feedback, shown dotted in not be exactly critical when the corree- 
y ovides a means of getting the tion occurs The correction interval 
( ed stabilization without encoun- observed du Ing Operation of the svs- 
te ng the noise amplification problem tem on the reactor was about SO see, 
Che minor stabilizing loop consist- The difference of about 10°% between 
v the ampliher, contactor, motor, these lues enables calculation of how 
the tachometer (without the net- ir the reactor is from critical, on the 
k), shown in Fig. 4, has the charac- verage, When a correction occurs. In 
terist multiple unidirectional-type the preceding case, the 64 value result- 
ections due to the fact that the con- ing from such a calculation is 8 10 
tactor harmonics are enhanced rather TI s that this data was taken 
that ittenuated bv the tachomete alter the reactor had been operating 
\ | assumption throughout this for an extended period of time and had 
il s is that the contactor harmonics reache good state of equilibrium 
e attenuated by the system charac- The experimental work described 
te t in the path between the con- was carried out on a research reactor 
tact output and the contactor Input where the control tightness of tQ.5% 


This tightness probably 


Was USCIUI 
would ot be necessary on a powel! 
re: t 

If tightness is relaxed, that is, if the 
dead-zone size is increased, the corree- 
tion interval would be lengthened pro- 
pe ti if ading to even less severe 
duty on the control elements 

The stabilizing effect of the temper- 
ature coefficient is absent at lowe 
powers Therefore, if desirable control 


throughout 


100 


stabilitv is to be obtained 


the entire power range from | 


the system must be designed for ab- 


solute stability without depending on 


the temperature coefficient 

Wit] i given reactor characteristic 

given motor time-constant, and a 
iy el A zone there Is a definite road 
speed t low power, for which mani- 
mu stability or optimum operation 
ean be obtained An example of this 
s the O.4-radian see point of curve A of 
big ( After t} IS opt mum speed Is 
det ned, it should remain fixed for 
operation at all powers. Compensa- 
tio secondary and should be used 
on needed by consideration of 
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characteristic. 
of the 


ver-all system 


compensation type 


used in these experiments will prob- 
iblv always lead to the advantage 
of securing smaller (more nearly Op- 
timu corrections under stable op- 


erating conditions. 
The system as set up for CP-3’ has 
all the elements required for control of 


a power reactor. The system includes 
a mechanical link ealled ‘Power De- 
mand’ in Fig. 4 by means of which the 
be matched to the 


| by A Ser ond control loop. 


reactol power can 


plant demane 


APPENDIX 


Gain Computations 
TI e mm 


i the curves of Figs. 3, 


ijor difficulty encountered in 
5 and 6 is 
the caleulation of the actual terminal 


velocity in 6k/see represented by the 
value 0 db 

In Fig. 3, the O-db value is estab- 
lished as 136 mo at L radian’ sec, where 
ny) represents the base reactor power 


about which a variation »’ will oceur 
due to n 


ol 


harmonic reactivity variation 

6k (7). The 
3 is plotted at this value. 
feedback is 


on the same 


magnitude K rG( jo 
curve of Fig 
The effect of the small A; 
reflected in the Ax’G’ (jw 
figure 


The loop shown in solid lines in Fig. 4 


the reactor is plotted as a function of 
frequency on the log-polar-plane charts 
Thus, 


line at O db represents unity loop gain 


of Figs. 5 and 6. the reference 


disregarding the reactor gain. There- 
fore, the A,, was reduced below unity 
by both the reactor gain and the con- 
tactor gain of 1/A 


1 radian, sec 
136no/unit dk & 1, A 
l 
136no/unit 6k & J 
7.37 10 


foe 


Km(j1) 


K,(j1) 


O.01n¢ 


to stable 
the entire loop gain 
10 times) for the 
Therefore, 0 db in Fig. 

10 bk see, 
calculated 
the 


value 


To get the curves closet 
operating values, 
was lowered 20 db 
chart of Fig. 5. 

5 becomes 7.37 
tenth of the 
viously. The K 
plotted about this 
plotting 20 logio A 
h/A of 


method of reference (4). 


one- 
value pre- 
ol contactor is 
by simply 
This number its 
caleulated for 0.03 from the 
The over-all gain in Fig. 6 was again 


AK 


it | radian, sec 


unity and Was raised 
3.78 times (11.6 db 
stead of 0 db as in 
done to shift 


convenient location for discussion. 


assumed as 
in- 
Fig. 5. This was 


the curves into a more 
In 


this cause 


. 6k sec 


3. Hence, values ree 





orded on the fig- 


ures are simply multiplied by the dead- 


zone A in per cent to obtain the gain 


for different dead-zone values. 


The 
his encou agement and ¢ 


ying out of this 


authors wish to the 


ct and the following 


ca proje 
people who contributed to the success of 
development work uu H. Met I h 
staf)’ who supplied reactor data and 1 
general assistance in ) p the « t 
system on the CP-3 WwW. ¢ Lip 
who helped build equipment and lata 
1. Snyder who assisted with comp wions; 
S.G. Kaufmann who designed. ar it the 
ion chamber; J. J Dick } id the 
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pow courcpment Eq pm the 
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/ Symbols 
ve Importance of Symbols 
e 
SYMBOLS ARE ENORMOUSLY IMPORTANT. Take that secrecy isn’t blocking their situation at 
patents, forexample. I find among engineers all, but secrecy has become a symbol. They 
and scientists that, whether or not the patent believe they cannot do it, so it is not done. 


clauses of the present Atomic Energy Act area 


real block 


power, they have become a symbol of such a 


blo« k, 


progress The is 


same 


Many people come forth in connection with 


their 


can’t do this or that because there’s too much 


Careful 


secrecyv ad 
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to the development 


and this symbol tends to slow down 


true 
professional activities and say, 


examination 


\fter seeing 
of atomic Th 
estimate the 
doubtedly 
of secrecy. 
“We 
then this is 
modifications. 


Lloyd \ 


al confe 


may prove 


Berkner, 


ence of 


sufficient 


Atomic 


the effect of Mr. Cl 


to the 


to n 


cause 


pres ident, Associated Univer 
Industrial Forum, 


of symbols. They 


vurchill’s 


’in the last war, I think we cannot under- 
effect 
contributed 


unh- 


victory. It 
changes in our atomic law would do nothing 
more than establish new symbols that lead 
people to believe they can achieve progress, 


ike the 


sities, Inc 
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RADIATION STERILIZATION V 


ee J. | ,*, 


Evaluating the Satety of 
Radiation-Sterilized Foods 


This article represents the first time the Food and Drug Administration 


has put its official position on radiation sterilization in writing 


By A. J. LEHMAN and E. P, LAUG bx 


Division of Pharmacology 

Food and Dr iq Administratior 
Departine nt of Health, Education 
and Welfare 

Washington, D.C. 


subject to radiation than 


process 


now receives heat processing 


Orientation of Testing 


Before embarking on extensive and 


e animal experimentation, the 


CEXDETISIN 


f radiation sterilization should 


ry? SS 
proce 


By ifs VERY NATURE radiation steri- be clearly oriented along these lines: 

lization, ie., the process whereby it is 1. Minimum dosage of beta and 
proposed to destroy microorganisms b\ gamma radiation necessary to effect 
exposure to streams of high-speed beta commercially satisfactory sterilization. 


particles or gamma rays, can be 


pected to produce more 


in molecular structures than heat ster 


lization. It is very probable that 


produe 


process, when perler ted Vil 


major revolution in the preparation of 


The Food and D 


should approach t 


foods and drugs. 
Administration 
new technique with a great ce 
servatism, and vet be conscious 
responsibility not to raise artificia 
unrealistic barriers that might imp 
progress 

It can be said that a good measure 


the conservatism ster from the sts 


ubtle ehang 


ey 2 . 


1 produce clear and well-defined de- 


\linimum dosage of radiation that 


es ( 


ferioration of the product with respect 


the to toxicity and/or wholesomeness. 
en 3. Acceptability of the “minimum 
~ ige”’ processed food on the basis of 


texture, taste, smell, keeping qualities 


et And it should be obvious that the 
st consideration will be the most po- 

ts tent rbiter as to whether any inves- 
tigation whatever will be conducted on 

the safety of the product. Since this 
ubject has come in for extensive con- 


deration elsewhere (1 further 


no 


nention need be made here, and it will 


cion that some of the so-called classical be assumed that all products to be 
methods for the evaluation f safet tested for safety have successfully 
wholesomeness. et ine not be eT passed the acceptant e hurdle . 


tirely adequate 


brought into even sharper focus wher 


it is remembered that the process of 
diation sterilization, part 
respect to food. may eventun 


fat extensive th: 


more in heat p 
ing. Thus it is conceivable that a t 
of flash pasteurization may be ay 
to enhance the keeping qualities ot 
merous fresh fruits and = veget 
many of which are ordinarily 
raw. It is not too unlikely to assu 
therefore, that eventually a | ( 


proportion of the dietar 


52 


“Proper” Irradiation 


It is suggested that tests on sa 


lety be 


t] conducted with products ‘properly 
r radiated to give the desired degree of 


sterilization with least amount of qual- 


1 ty deterioration. The investigator 

ed hould be aware, however, of SUSpI- 

rroused within an area of nega- 

‘ tive tests, and give attention to a 

te ( erate exaggeration of dosage to 

efine a factor of safety where it seems 
lesirable 

= e justification of deliberate over- 


It is fairly 


situations 


dosage Way be required a 
that all the 


which radiation sterilization of even a 


certain undet 
single product may be applied cannot 
b) There is 
the possibility of failure of proper con- 
trol of either 


be entirely anticipated 


time or intensity of ex- 
posure to radiation, whether deliberate 
It is probable that 


and well-defined overt effects of 


or accidental. c 
Prank 
radiation on wholesomeness of a prod- 
will be difficult to produce. 

Hence the 


lulled 


uct 
investigator should not be 


into a false sense 


| security by a 
negative re- 
added 
result 
deliber- 


montonous procession ol 


thought is 
that the 


sults. This 
to 


not 
imply positive 
] 


] ] 
ould necessarily always be 


ate sought. Nevertheless, the PoOsl- 
tive result, when weighed in its proper 
frame of perspective, does give more 
information, and it least defines 


and 


assessing salety 
the general axiom may 
e sounded that the ar 


study ofa 


HeSOTHRENeSS 
wunt of critical 
ete, 


process, a food. a drug 


necessarily roughly proportional to 
the universality of application. 

It becomes necessary therefore, to 

rities review again all of the meth- 

that are available and in current 

use for testing safety and wholesome- 

ness Basie studies have already been 


outlined in) Procedures for the Ap- 
| of the Toxicity of Chemicals in 

and principles have been 
laid down by the Food Protection Com- 
mittee of the National Research Coun- 
in cases where animal studies are 
details 


have been 
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Involved, some 





elaborated in these publications and 
need not be repeated here. It is pro- 
posed, however, to examine areas where 
their 


form and « onception, fail to give proper 


these methods may, in present 
evaluation of an irradiated food, and to 


suggest newer techniques as well as 
improvement of the older. 

It should be reiterated that all foods, 
etc, must eventually be tested on man 
himself. It is not bevond the realm of 
possibility that even the most elaborate 
studies on animals will have failed to 
some significant factor 
harmful. A 


risk is always involved; how- 


bring to light 


that mav prove certain 
calculated 


ever, such a risk should never be con- 


; 
sidered in 


a process where merely eC:CO- 


nomics is involved, That is to say, we 


should be willing to encounter more 
risk where it can be shown that radia- 
tion sterilization is the only satisfactory 
method, and where standard heat steri- 
lization ce stroys or seriously modifies a 
the other 


must’ is involved and the two proc- 


product. On hand, if no 


esses are equally applicable, it must be 
certain that little or no risk results from 
Here the 


idence of safety would be very carefully 


radiation sterilization. eyv- 


marticularly if it involves a 


ment of the diet. 


surve¢ ed ] 


] 
| re seu 


Animal Studies 


Because of the importance of the 


proteins in the dietary, their complex- 
ity and well-known lability, the sug- 
gested animal tests are intended to 
apply chiefly to these substances. 


With pre 


can be extended to fats, carbohydrates, 


modifications these tests 


pel 


and other food factors. 


Tests on irradiated protein in which 
animals are used should be made to 
determine two things: toxicity, and 
nutritional adequacy. By their na- 
ture, the two types of tests are mu- 
tually exclusive and cannot be carried 


out simultaneously in the same group 


of animals. For uncovering — toxic 
effects the animal should be challenged 
with a relative excess of the substance 


under study; for nutritional adequacy 
the challenge is made by reducing the 
supplement to the point where inade- 
quacy becomes magnified. 

Supplementation is most easily ac- 
adding the 
t protein-free synthetic diet. 


If attempts are 


irradiated 


complished by 
made to challenge for 
toxicity, from 2 to 3 times the normal 
quirement should be added. 


prot nore 


It can be expected that in the case of 
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irradiated proteins, gross toxic effects 
minimal 


This sup- 


will not occur and possibly 
effects may be undetected. 

position is based on the likelihood that 
radiation produces changes in proteins 
that 
tively similar to those induced by heat. 


are qualitatively if not quantita- 


And in the latter process there is cer- 
tainly a large background of experience 
indicating lack of toxicity. Hence in 
setting up an animal feeding study, it is 
desirable to include an “internal stand- 
which heat- 
protein is fed at the 
It is suggested that 


a complete study include three groups 


ard of reference” in 


sterilized same 


challenging level. 


of animals as follows: 
1. Control group. In_ this 
the protein supplement Is not 


group 
proc- 
essed. This is an expensive and tech- 
nically diffeult part of the procedure, 
since it involves preparation of a diet 
whose keeping qualities may be poor 


the 
aid of refrigeration or freezing applied 


(meat protein). However, with 
to all diets, it is possible to circumvent 
there 


should be included adequate bacterio- 


these difficulties. In addition, 
logical studies to rule out the possibility 
that pathogenic organisms could vitiate 
the results. 

2. Experimental group. In this 
group the protein supplement is heat- 
sterilized, the degree of sterilization be- 
ing bacteriologically controlled to see 
that it is adequate and comes within 
limits of standard commercial practice, 

3. Experimental group. In this 
group the protein supplement is radia- 
tion-sterilized to the same degree as by 
heat. This 
important because radiation steriliza- 


consideration is highly 


tion, to be aecepted commercially, 
must be judged by the same bacterio- 
logical criteria that are applied to heat 
sterilization. 

The three animal groups suggested 
should be 
thei 


likely to be used, this includes an inter- 


studied over the period of 


lifetime. Since rats are most 


val beginning at weaning and extending 


2 vears, a time when 


to approximately 
about half of the population will have 
senescence, To 
the starting 


number of animals in each group should 


died as a result) of 


allow for good statistics, 
he about 40 equally divided as to sex. 
Part of each group should be bred and 
the dietary carried through 
at least 
little is learned from maintaining each 


regimen 
three generations. Generally 
successive generation through its com- 


plete lifetime, the matter of chief in- 


terest being fertility, size and weight of 
litter, litters, ete, 
need be observed only during the first 


number of which 


vear ol life of the particular generation, 


Safety Tests and Stress Groups 
The type of experiment suggested is 
an accepted procedure for evaluating 
that 
eventually find its way into the human 


the safety of a substance misty 


dietary. It presupposes also that all 
surviving animals and those exhibiting 
gross symptoms are examined histo- 
logically and an attempt made to ferret 
This 
the 


Here a certain type of 


out minimal disease 
is often difficult, 
DDT. 


characteristic 


processes 
as illustrated by 
ense ot 
liver injury (4) is min- 
levels of intake and 
difficult) to 


humerous 


imal at the lower 


may actually be expose, 


Furthermore instances of 
morphological tissue changes that  re- 
sult from a variety of insults, are usu- 
ally magnified under the stress of age. 
Such injuries may in fact go « ompletely 
undetected if the animals are examined 
while still young and growing. 

This points up one important aspect 
of animal experimentation that seems 
neglected, namely, the 


to have been 


“stress Usually, animal ex- 
dif- 


A group is selected on 


group.” 
perimentation is aimed at a very 
ferent target. 
the 


and the experiment 


basis of maximum homogeneity, 


carried on with 


great pains to maintain the uniform 
animals ina uniform environment and 
to present only one challenge, that is, 
under in- 


the substance or treat metit 


vestigation. It is quite obvious that 
such experimental conditions are de- 
the 


variables and make it easier to interpret 


signed to reduce number — of 


the results. However, it can also be 
said that such an experimental arrange- 
ment, by its very nature, may be limit- 
ing the number of answers that might 


be obtained. One may quite reason- 


“How 


group 


ably ask this question would 
the 


haved if by some means the efficiency 


uniform animal have be- 


of the liver had been reduced by 25°?” 

The very uniformity of response of a 
uniform group, under no stress but that 
of the experimental substance, makes it 
difficult) to the 


terms of man, and after a 


interpret findings in 


|, such inter- 
pretation Is the ultimate purpose of a 
large part of animal experimentations, 
Man as a group is probably as hetero- 
geneous as we can find in nature. It 
would indeed be difficult to find a group 


of so-called “normal” human beings 
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viewing the situation with re- 


that did not 
perhaps “dormant” stress situations 


represent a multitud 1 re 
to the adequacy of animal tests to 
The difference in response to food alo e safety, it becomes obvious that 
has been nicely epitomized by tl the number of animal groups that could 
“One would rapidly outrun 
facilities. \ 


imount of judgment, strengthened by 


saving, man’s meat is an ! be suggested 
|; 


man’s poison.” most laboratory certain 


It would seem desirable 


to supplement the test iteral tests or practical and theoret- 


on “normal” groups considerations will usually decide 


“stress” reasonably good estimate of 


groups. ha 1 


from the foregoing rer will be. If, for example, routine 


not be implied that a deli with ‘‘normal’’ v1 


groups give 


erogeneous group ol HnLLAIS | ( ( 1M e answel there would probably 
compounding the 


On the 


for study. Such a procedure Would Db 1) ittle reason for 


self-defeating since the nut ith a stress group. other 
ables would make it diffieul gain a nd, a negative response on a test sub- 
statistically 


desirable, howeve 


valid result t would b tar ina “normal”? group should not 


to produce anima vays lull the experimenter into a fal 


groups from uniform stock in W ha ense of security, particularly 
situation has been ce oped hat test substance might have 


stress 
For example, it should be possib ontacts with man 
giving a hepatotoxin sucl 


tetrachloride, to 
experiments on ncut \ ! Animal 


Nutritional Adequacy 


mamta 


liver tests to demonstrate nutri- 


sponse of animals to inses adequacy are well ‘veloped. 


frequently follow the pattern 


] j 


kg of carbon l dicated 101 


a short period in whiel 
from 0.5 to 1.0 ml testing safets Recause 
attect 
| 


chloride have been ca utritional failures sometimes 


fully 


mains to be 


desirable 


in this laboratory ( production, it is particular 


seen conduct experiments along such 


Vitamin 


now 


adjustment of dosage a chroni I Many of the 


lly characterized 


liver lmpairment might be 1 ntal l hemicall 
Possibuits 
should he 


for other stress situatio ived by means of mi 


mentioned may be possible to forego 


(uranium or mereuw more elaborate feed 


ance of thyroid function hiouracd The modification of 


disturbance of pancreati operties of proteins by 
, 


loxan experiment il naer : l ky n. and it is verv like 


finally, as a special category produced 
sensitive animals. T lat 


stress group has been hig] solubilit 


for unttormity undoubted| 


It must be 


resporl 
empl tibility. 
uniformity of response 
stress group Is most 
cannot be decided at t] 
it would be possible 
si hi proposed stress 


them 


lifetime. 


reasonably untforr 
Hlowever, exp ment I 1c ne l fact, even 
if limited in time by increased 1 bid ( wiees It wou 
itv of groups, would be ( oO use crude 


Thus hy 


of well-defined function 


digestive yun 
uable. interacting number ngie ihed enzymes 
and end-product 
with the particular tes Parallel tests sl 


define wit! —_ | terilized 


on nonprocesst 


becomes possible to 


what greater 


aussuran 
sponse ol heterogeneo l 


the well man, the sick man. the 1 Antigenicity 


whose liver Is slightly Lt ormat f t to! Since radiation might 


whom no present elinieal he 1 lergenic properties of 


protein 


tional test is definitive 1 fi hom I is direction should be 


¢ 


final diagnosis comes at 
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sensitivity can be achieved, partic- 


ularly when the histamine response is 
bioassayed on intestinal strips. 


Enzymes 


far, the available evidence indi- 


it radiation energy sufficient to 


does not destroy 


roorganism 
yime s\ ‘ms that are easily 

For example ra- 

intion-sterilized milk on standing be- 
mes inpalatable because of the 
tivity of certain proteolytic enzymes. 


The se enzymes Carry the process ol 


protein degeneration to a stage giving 
amines. 
this fact can 


signincance ol 


rverestimated. It mav well 
g factor in the keep- 

wise sterile and 

Wholesome irradiated food 
ws, therefore, that the enzymol- 
proteolytic systems be carefully 
It may even be suggested 
with the 


be developed to 


methods aling 


I amines 


Keeping qu ilities 


Chemical and Physical Methods 
Chemical and physical methods have 
mportant relations to the study 

lirst, 


ve important clues to the 


intion effects on foods. 


dification of mol- 
f radiation. 
very of toxie 
destruction 
factors SeC- 
ly Uuselul in 

interm metabolism 


lation-moadi substances in 


vluet 


racterized 
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The Best Performance 
trom Beta Gages 


By L. R. ZUMWALT 


i 


( 


OcESsS controls with beta 
mary indicators can be 
ul when the character- 
ie known quan- 
article presents a 
ng the application of 
ny parti ular process. 
of continuously moving 
the concentrations of 
the quantities 


beta 


ons are 
mly measured with 
\leasurements are based 


nciples, The absorption ol 
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beta radiation as it passes through a 


material provides an indication of the 


iys from a sub- 


material’s thickness degree of 


backscattering of beta. 
stance can be used to determine either 


thickness or concentration 


Mathematical Formulation 


of beta-gage 


A quantitative analysis 


sensitivity, accuracy und response 


time requires the mathematical formu- 


lation of beta-ray ti ssion and 


reflection. 
Approximate relationships between 


the observed current from the ioniza- 


ss or con- 


tion chamber and the thickne 


centration (variables that determine 
the number of beta particles entering 
the ionization chamber are given in 
this section. 
Thickness-by-transmission. When 
the material measured is between the 
and the ionization 


radiation source 


chamber 


Al 


zeroed 


\\ ith 


, 
Jd Lt 


relerence mete! 


Al 








I 


ionization current 
material of 


amperes 


thickness in units of n 
per unit area, Ing;en 
ionization current 
material of thickness 
thickness 

or ionization currer 


menasuren 
scattered by the 
when it contains no so 
(in concentratior 


urements tmpere 


IOMMIZATION 


by n 


change in 
rent caused 


amperes 


absorption eoetl 
(mg em? 0.603 
empirically detern 
due to seattering 
it will show some d 
ence on the atoms 
ber of the materia 


measured 


maximum range 
parti les, mg 
SIZE .299~0.2 
; 3 Mes 
542E 133 
OS Mev 


miaXtnun energ) 


emitted, Mev 


a number from 6 
depends on the geom 
of the setup and o 
heta particle energy 
trum characteristy 
soures isotope 
rmnization curt 
for a saturation 


of A 


nization curren 


with zero thickne 


reflection coethe 


em? : Jb 


empirical 


2.5 to 3 


effective 
| 


effective 


of B 


empiri al export 


0.7 to OLS 


saturation ft! 


em? 


thickness 


SYMBOLS 


a constant dependent on 
K ix i¢-* in 


author’s experiments 


St tup 


effective atomic number 


of solute 


effective atomic number 


ol sol\ ent 


concentration of solute 
dissolved in a low-atomic- 
number solvent (water or 


organi weight per cent 
empiri il exponent 
OY in author’s experi- 


ments 


mpirical exponent h 


0.99 in author’s experi- 


ments 
meter reading, pit 


load resistance from ioni- 
zation chamber anode to 


ground, ohms 


amplification effective 


transconductance of elec- 
I tube amplifier 


pa/volt 


of thickness 


mez cm . 


ity ot eoncentra- 


tion gage, pa/wt 


uncertainty in thickness 2 


uncertainty in concentra- 


tion ¢ 


incertainty in meter read- 
Ing 


imber of betas enterin 


ionization chamber 


second 


eapacity of ronization cir- 


cuit, farads 


average charge produced 
by a beta particle in ioni- 
zation chamber, coulombs 


heta particle 


standard deviation of ioni- 


s 


zation current, /, throug 


deviati 
reading due 


cal fluctuations 





When a 
a thick 
thick enough to 


Thickness-by-reflection. 
thin material, A, is laid ove 
material, B (usually 


cause saturation backscattering Irom 
B), and beta particles backscatter into 


the ion chamber 
Al Ip = (La 
For saturation backscattering 


Ia Za 
Ip Zp 


Al 
La/Zi 


Saturation thickness 1s 

L1IOk 
Concentration-by-reflection. 
When the 
the ionization ch: 


beta particles received in 
have been 


umber 


backscattered from a solution (liquid 


or solid) of at least saturation thickness 


Al I,K(Z Z,)i 
where o.<2 


Accuracy 


The usefulness of the gave 1s deter- 


the over-all accuracy with 


measurements can be made. 


assume that 


As an example 


urements are being made using a d-c 


electromete! amplifier circult 


with a d-c microammeter 4s the indi- 
meter. If the mete 


0 and the 


eating is zeroed 


for Al 


that a positive reading is obt iined, then 


larity is such 


V Al Rg 


Sensitivity. 


VD i gages 


TgRgn\(Za/ Zi 


/ 


iM 
ToRankh(Z Ze 


Precision. influence 
sion of measuremen 1) The 
reading 

nt accuracy 

The fluctuation in the meter 

il fluctuations in the 
beta 
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particles and the 








Calculated Characteristics of Three 


Al 


amp 


Chickness-by- 
transmission 
Thickness-by- 
reflection 
Concentratio 
j 


reflection 


Types of Beta Gages 





ciated number of ion pairs (electric 
in the ionization 
the 


termines the gage’s over-all 


lat appeal 


‘he larger ol two 


uracy of the measurement of 

s or concentration ts related to 
the uncertainty in the meter reading by 
6M 


Ne 


6M 


i a ratemeter-type cuir- 
fractional standard deviation 
due to the 


radioactive decay 


onization current 


nature ol 


| | 
QNRC /21RC q 
is a statistical fluctuation 
produced by an indi- 
the 
deviation of J is 


than that 


irge 


beta particle, expected 
standard 


yreatel yiven 


| 
) Vv 2TRC Ya 


standard deviation of the mete 


lue to statistical fluctuations is 


cw, 
q q 


standard 


[Raq 
V 21RC 


tional deviations 


ckness and concentration are 


(* (y? 


Ry 


Over-all deter- 


mination ol 


accuracy. In the 
thickness and concentra- 
vith the three types of gages, the 

incertainties associated with 
and 
the 


meter ACCULACY (6's) 
fluctuations (o’s) of 
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Th 1 kenge ss-by-tra NSINUSSION 


Armee, 


bx 6M 


a rs 


er ‘6M 
Lu rl Rq 
oO ‘ Ha 
Co pyr A 21RC 
Th ickne ss-b j-refle ction 
bu eet 6 V 
a byt] pRa»|(Za/ Zp 
(Za Zp 
\ Za Zp 
ber|(Z4 Zp | 


Myr Len Hox 


Vv 21 3RC q 


Concentration-by-re fl 
bc 5M 
¢  [oRg,kK(Z 
o VV KZ 
C kK(Z — Zick x 


Zjick +1 
21oRC q 


os 
The gross accuracy of measurement 
the large 
More 
fractional 


is determined principally by 
of the two 
the 
the 


two 


uncertainties pre- 


cisely, over-all uncer- 


tainty is value 
of the 


In general, the meter accuracy 


root-mean-square 
fractional uncertainties. 
uncer- 
is proportional to the source 
strength, the the 
load fluc- 


tuation uncertainty is inversely propor- 


tainty 
amplification, and 


resistance; but the source 
tional to the square-root ol both source 


RC. In 


Val inbles 


constant 
these 


strength and time 


an optimum design 
would be chosen so that the two uncer- 


tainties are about equal 


Response Time 

In the design of automatic controls 
that rely on beta-gage measurements, 
the gage’s time of 


tant. 


meter to go 


response is lnpor- 
The equilibrium time lor a rate 
from a rate ol! O to \ 


particles per second is (¢ 


T RCs In QNRC) + 0.394} 


where 7 is the time required for the ex- 


ponentially decreasing difference be- 
tween the actual and true counting rate 
reading to be less than the probable 
error due to statistical fluctuations 

It is, 
define equilibrium time in terms of the 


thar 


however, more rational to 


standard error rather the prob- 


able error, and 


T ly RC In (2NRE 


For thickness gage applications it is 
interesting to estimate the equilibrium 
time in counting rate \, 
to Ne or current J, to Jo». 
The equilibrium time (defined in terms 


Irom 


going 
ionization 


of the standard error) in this case is 


noted that 7 is zero \ 


It mav be 


| V 12/V 2RE 


This occurs when the change in ioniza 
from 7, to Js is 
equal to the standard de 


tion current in going 
Vintion e 
eurrent ol 


pected for an ionization 


magnitude J». 


In terms of AJ and / 


or concentration 


where thickness 
changes from O to 


the equilibrium time is 
2(A/ 
/ 


zc OF C, 


1.15 RC log, | - | 
One of the first steps in the design of 
au beta gage consists of choosing a time 
constant RC such that suitable equilib- 
rium times are obtained for the « hanges 
in J involved in making the measure- 


ment of thickness or concentration 


Example 

To illustrate the application of the 
quantitative relationships to the evalu- 
ation of an industrial beta gage 


COl- 
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For nearly half a century Koll- 
morgen has designed, developed 
and manufactured precision op- 
tics and optical systems for in- 
dustry and the military. 


We have the engineering “know- 
how”, the design personnel and 
the manufacturing capacity to 
help you solve your optical 
problem. 
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sider a series of uses where the gage 1s 
adapted to be a thickness-by-transmis- 


puge a tl ickness-by-reflection 


page ind a concentration-by-re flection 
pure 
Equipment. The vyuge detec tor is i 


ionization chamber with a 


betua- 


laTical 
stainless-steel window for 
eentrv. The ionization current 
he chamber Is measured 
one-stage, bridge-t 
ionization 
put through 


10° ohms) so 


small 


» total soure 


a positive voltage used for 


the operating pont of the 
reuit. The net 
is applied to the grid of the 


netel 


sum of these 


tube as a signal in excess 


} 


roper bias voltage. 


tube forms one 
lanced when the pr 
Is applied to the 
A variable sensitivity 
is set across the bridge 


The 


ng of the microammeter (at 


unbalance. full- 


luctance 
the bridge circuit Is 
it The 


= 2.0 sec 


const 


time 


ta particies 1 


ionization ¢] 
effective beta 
m-0 = retusa 
m-90 


2.2 Mev. 


Coefficients. 


t 


I 


10 me. 


iU amps Source 


1 10 mg 


laid ona 


Thickness-by 
em? piece of plastic (Z.4 5 
thick tron plate ZB 26 
l 2 X 10 


reflection gage 


is measured 
and source 


10 mu 


imps 


A 1.0 
lead 


meuas- 


Concentra 


source 


] 1.6 & 10 

is estimated from a consid- 

chamber 

specific 

It is 

“ssulh Is UpPpronti- 
mately equa j , 

Certainty. From the table it can 

“aecu- 


the 


be seen that in each case, the 


of the meter, rather than 
radioactive 
the limiting factor in the 

Assum 


the load 


fluctuations due to the 
rements’ uncertaint 

ve do not to change 

cehar- 


resistor and thus the response 


acteristic of the gage, and assuming 


lmpractical ise a more 
croammete! nere remain 


certainty 


electronic 


beta form a 
ite amplifie An increase 
heation will not 

Thus the 


INnCreas 
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Interpreting Wear Studies 
DEAR SIR 


In the February, 1958, issue you 
published an article entitled “Wear 
Studies of Irradiated Carbide Cutting 
Tools” by L. G. Erwall and the under- 

I have learned that certain of 


thlished results have been mis- 


se of the tests described 


] 


determine if a simple relation- 
xists between the amount. of 
carbide worn away from the rake and 
the time of machining at the cutting 
conditions reported in the = article. 
wever, estimates of the wear resist- 
carbides usually refer to the 
ind the appearance of the 
don the clearance face of the 
These studies are made by 
f a microscope at different 
during the cutting process. 
general conelusions concerning 
ves of the two qualities of car- 
used may therefore not be drawn 
m Fig. 5 of the article. 

It is concluded from tests carried 
out after publication of the article that 
ial wear of carbide tips, Le., the 
of the material-transfer vs time 
» during the first minutes of turn- 
ighly dependent upon how the 
is ground. If, for in- 
a rather large flat is stoned on 
re, the initial wear changes 
eter and the wearing speed will 
be constant even from the 
y Ol the machining operation. 
qualitv 1, the stoned flat was 

n that of quality 2. 
f wear on the flank by 
the radioactive techniques 
bed in the article seemed to show 


he wearing speed is constant here 


BerRTIL COLDING 
Vekanisk Teknologi 
Tel niska Hoégskolar 


Stockholm, Sweden 
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Type G Bradleyome- 
ters are made with 
2 types of bushings 
—standard bushing 
with shaft for knob 
control and split 
bushing with lock 
nut and slotted shaft 
for shaft lock appli- 
cations. Metal parts 
are all of corrosion 
resistant materials. 


A—Resistor element 
molded in one piece 
with resistor and 
terminals. No rivets 
or welds. 


B—Carbon brush. 


C—Rotor and shoft 
showing opening 
for brush. 


D—Metal case 
inch in diameter. 


Smallest Molded Adjustable Resistor 
ONLY % INCH IN DIAMETER 


The Allen-Bradley Type J Bradleyometer has long been recog- 
nized as the top quality, 2-watt, adjustable resistor for electronic 
applications. Since it has a solid MOLDED composition re- 
sistor ... and is not a paint or spray type unit. . . its character- 
istics remain permanent even after long use. 

The NEW, Type G Bradleyometer...only 2 inch in diameter 
and rated at 3 watt... offers the same advantages of con- 
struction and noiseless performance as the bigger, Type J unit. 
Its solid MOLDED resistor element can be made to satisfy any 
resistance-rotation curve. The carbon contact brush assures quiet 
operation, even improving with long service. 

Maximum or total resistance values range from 100 ohms to 
5 megohms. Maximum continuous power for the entire element in 
circuit is 0.33 watt. Maximum continuous volts—350 RMS. Maxi- 
mum current—O.1 ampere. Samples can be supplied for quali- 
fication tests. 

Allen-Bradley Co. 
106 W. Greenfield Ave., Milwaukee 4, Wis. 


ALLEN-BRADLEY 


RADIO & TELEVISION COMPONENTS 


Want more information? Use post card insert in this issue 
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FIG. 2. Gammagraph of thyroid phantom FIG. 3. Recorder circuit. St denotes stylus; A, the scintiscanner moving drawing table 


Electric Recorder for the Gammagraph 


By MARTIN E. JACOBS, ALAN L. ORVIS, and BERNICE B. BORRMAN 
Va jo ¢ , j? he a. P 


/ 


The conventional gamma noted two disadvantage return 0 tS resting 
a recording system con 


SIs } latter effes tends to create 
electromagnet, a stylus, and a drawit . The noise associated with tl] mpression of the distribution of the 
table. By placing tracing pape ! type of order is annoying to patie 


a false 


on the record 
carbon purper bet ween ( 1 Cases of hypertl Vroldism l ectrie recorder has been de- 
the drawing table, the dist ition of » Blackness of the individual trace it eliminates recorder noise 
radioactivity in an are dependent upon the cou duces traces of uniform quality 
Is recorded ially 


since the are of excursion of 
us is reduced at the higher | itron switch tubs 
¢ rates when the time interval] 


Init consists essent ola 


pacitor, a 


“associited 
1 successive pulses is less than 


equired for the stvlus to connection is) made to 
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cale selector switch of the scaler. 
The that the 
mechanical-register switch tube (6V6) 


pulse triggers sealer 


triggers the thvratron and causes the 
storage capacitor connected between 
the anode of the thyratron and ground) 
to discharge through the stylus. In 
from the stvlus to the grounded 


Pussing 
aluminum drawing table, the charge 
Western Tele- 

paper, L-39. 


sulting trace has much the same 


through Union 


pusses 
recording 


deltos 


The re 


type 


shape 


is the cross-section of the stvlus 


electrode A stvlus with a= circular 


section and diameter of 1 mm has 


CTOSS 


viven satisfactory recordings. 


The system now being used employs 
stvli fed by 


and 


iplicate separate thy- 
The 
independent selector 
the operator to 
different 


stvlus. 


itrons storage capacitors. 
inputs have 

vitches, enabling 
the same ol sealing 
for each Thus dupli- 
be obtained on one 
Teledeltos 


with different 


rds may 
paper, or two 
scaling factors 
This latter 
often enhances interpretation 


lye made instead. 
feature 
when details of the two records are 
compared 


Fig. 1. 
ned brass stvli are fitted into 


The recorder is shown in 
Phe macl 
Bakelite guides for lateral support and 
the 

stvli 


insure 


nsulation from horizontal 


The 


ertically to 


rting arm are tree 
contact 
Teledeltos paper during the 
procedure. Spring clips be- 
the drawing 


keep the Teledeltos paper flat, 


e guides and 


contact be- 


the 


electric 


re cood 


and drawing 


paper 
shows a typical gamma- 
phantom taken 
64. 


circuit is shown in Fig. 3. 


t} vroid 


ne 
i 


sealing factors of 32) and 
ectris 

ctric components have been 
so that the speed ol response 
ecording system is adequate to 

overlapping of dots at maxi- 
inning speed when the counting 
the sealer is chosen 


ikehn trom 


high. Also, the time con- 
the charging system is small 

that the 
independent — of 


the quality of 
traces Is 
of repetition over the range 

nting rates encountered with 

mmagraph. 

has been 


the 


recording system 


satisfactorily for past 


1 nt} s 


verai oO 
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FIG. 1. Overlapping beakers 
evaporation of liquid phosphor 
long counting periods 


prevent 
during 


FIG. 2. Strip holder used to 
cellophane sample strips 
to photocathodes 


support 
perpendicular 


Solid-Sample Beta Determinations 
with a Liquid Scintillation Counter 


By F. TERENTIUK* 
Physics De partment 
University of British Columbia 


Vancoure y. Canada 


In the liquid scintillation counter for 


beta-ray activity measurements, de- 
scribed last year,t solid samples are 
immersed in a liquid phosphor and the 
light flashes 
with the help of two photomultiplier 
The 


high 


counted simultaneously 


tubes in a coincidence circuit. 


counter operates not only with 
efficiency, but allows the determination 
of very low specific activities by virtue 
of the fact that 
solid material can be used, namely of 
the the 
counter.” 


large amounts. of 


order 50 grams in “volume 
The purpose ol this note is to report 
on the practical development of the 
counter and the limits of sensitivity 
observed. 
1. To the 


liquid phosphor during long counting 


prevent evaporation of 


periods, the sample is kept in a closed 


compartment formed by two glass 


Physics 
Ot- 


Applied 
Council, 


* PRESENT ADDRESS 
Division, National 
tawa, Ontario, Canada 

+O. Blih, 1 lrerentiuk, 
10, No. 9, 48 (1952 


Research 


NUCLEONICS 


beakers cemented to the photomulti- 
pliers, as shown in Fig. 1. The upper 
beaker fits the 


space of the lower beaker 


into double-walled 
which ean 
he filled with liquid phosphor, or pure 
The 


are silvered on the inside. 


toluene, or mercury. beakers 

2. In counting beta particles of low 
energy, the disturbing background due 
to high-energy cosmic radiations has 
been reduced through the introduction 
of an anticoincidence discriminator 
that 


greater 


quenches simultaneous — pulses 
than those of a certain maxi- 
this the back- 


ground count has been reduced in C!4 


mum value. In Wal 


determinations by about one-third to 
0.7 counts per second, using the same 


shielding that was used previously. 


not quite adequate—iron and 

3. Various measurements were made 
to test 
counter both for high-energy 
beta 


The active material was present in the 


the sensitivity of the volume 


K*) and 


low-energ\ particles (S qs). 


form of transparent crystalline powders 


mixed into a paste with the liquid 


phosphor chloride, potas- 


potassium 


sium nitrate; sodium sulphate; am- 


monium carbonate, urea, dextrose). 


The specifie activities measurable in 


short counting times (30 min) were 
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be: for high-energ 
|) me 
energy beta particles 10 
With the 


preparation, 


found to 
cures 


ym 


particles, 
same method = of 
the 


variations 


reproduc 
results showed not 
than 29 The 
14 found to be 
than had 
before, namely about 20% 


] oy / was obt 


efficiency o 


ing C'* was ( 


ably higher been reported 


lier value of about ned 


with material whose activit heen 
overestimated. 

4. In the 
the solid 
deposited on cellophane sti ps Ol FIG. 1. 
parallel to the photocathodes 


multiple-sample 


material was pr 


Face mask used for charcoal 
adsorption of breath radon 

new arrangement the strips are 

the 
multiplier tubes. 
holder 


tines to 


end-fac 
The « 
(lig. 2) carries 
the cellopl 
Wit! 


eounte ra 


vertically to 


which 
cemented. 
C'' could be 
efficiency of up to 40% The 
has the further advantag 


ean be 
mount, 


ment 


used for By JOHN B. HURSH 
l/o Eneray Project 


filte 
— ; l ty of Rocheste 
chromatography), or metal strips wi ltl Mie Mal 


it can be nontransparent 


samples, e.g., paper (1s 


electrolytic radioactive depos 
* * * 


Financial support for th ictivated charcoal for collect- 
through a 
Canadian National Resea 

Dr. Otto Bliih IT am indebted -rof out 0-fold lol 
Bliith for his advice 
to Drs. E. K. Darby and G. W 


assistance in connection with the 


lable e8er } 
or : ith radon and concentrating it 


subsequent measure- 
the 
nherent in the air-bulb technique cur- 


and er ment avoids some of difficulties 


rent used to estimate body radium 


work 


Go, No-Go Radiation Detector 


By H. D. LeVINE ial 
Vew York Operations Office Vill pear at 
U.S. Atomic Eneray Cor 
New York, Neu 


the voltage that 
capacitor C 


the 


tube therefore 
\ hic h Is 
number o 


The 


( controls the rate of 


oportional to 
York ind el 


pulses 


large per pulse. resistor 

* shunting 
There has been an unfilles L for kage of charge from C,;. Unless the 
that 


fabrication of an inexpens im ) qua the 


simple circuit woul it current from the Geiger tube is 


firing voltage of the 


radiation detector that vould mn tul will not be reached The 


useful for disaster purposes is therefore quiescent until : 


ual gamma radiation is pres t 1 e radiation level is reached 


The circuit shown on this page reuit in the illustration 


basie Geiger integrator three degrees of indication 


neon bulb na 1bao 10 times larger than C SO 
Althoug! 


bulbs do hot 
the character f cross ¢ \ 


uses one or more 


cating elements voltage across C, will increase 


10 times more rapidly than the voltage 
and \ 


ersely 


mercial neon 


specific voltage, will then fire at 
the 


an\ 


circuit can be adjusted so that radiation levels inv proportional 


neon bulb will operate at a pr to the capacitance of C, and ¢ 


determined radiation flux nstrument has been built, in- 


series resistor, R,, will effect ting this circuit, that indicates 


trol the charge per pulse of th rer “s than 1 r/hr, more than 1 but 
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FIG. 2. Apparatus for freeing radon from 
charcoal by heating 


Measurement of Breath Radon 


by Charcoal Adsorption 


content in’ humans The idsorbed 


radon is collected for measurement by 


the charcoal, 


at 


he method = in 


Ing 
general use is to 
i breath sumple ina l-liter glass 
it is then sealed and shipped to 


where the liter of expired 


; 
itor 
PULOPY 


inalvzed for radon As a routine 


re it suffers two disadvantages 


\leasurement in the range of 0.3 
is required (ireat care is 
iesel 





N3NE-e 
01 to 
10% of C, 
~| Meg potentiometer 
1-10 Meg potentiometer 











THREE-RANGE go, no-go Geiger integrator 
101 ht by ho 


lights lit 


nit could he 


This 


leit on ¢ 


battery 


Dowel 
mntinuously since current drain 


radiation levels 


would 
rate, 


use a 
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d sample contamination. 
sample that is representa- 
he tidal air of the subject 
collect. 


breathing can cause divergent results. 


s difficult to Variations in 


Procedure with Charcoal 


ne, the procedure consists of 
subject with a face mask 
ircoal-filled cartridge on 
ved air outflow and inflow. 

ct breathes through the mask 
In the 


the charcoal is transferred 


d period of time. 


n tube and radon released 

heating a nitrogen atmosphere. 
Radon collection. The face mask 

hown in Fig. 1 was adapted from a 
ve manufactured by the 

The canisters contain 

mesh activated coconut 

hout zine compounds that 

of adsorbed radon) ob- 

rneby-Cheney Engineer- 


not in use, the canisters 


ndividual close-fitting 
containers. The char-| 


ridge has been reused for | 


with no deterioration; 
use was not determined. 

ection, the customary pre- 

are observed to minimize the 

radon present in the inspired 

The subject is tested at a labor- 

itory. outside the plant, and it is 

stipulated that he shall have been 

absent the plant for at least 12 

hours (48 hours if plant atmosphere 
contains 10 wuc liter of radon). 

The subject sits at rest for 10 min 
with the isk in place and a charcoal 
cartridge on the inspiration vent. 

is then placed on the 
ent and radon collected for 
An inte- 


flow-meter can be used to 


me (5-10 min 


| air if results are 
n puuc liter. At the 
the measurement period 
cartridge on the expired 
mmediately transferred to 

te ontainer and sealed. 
Release of adsorbed radon. Tw 
radon, the charcoal is trans- 
rex tube of the uppa- 
n Fig. 2 


uated, and the chareoal 


The entire svs- 


ced into a furnace pre- 
‘air temperature at the 
A con- 
litrogen is swept through 
tube at a rate such that 
the collection bulb is filled 


tubular space 


ric pressure 


stopcor ks closed, the bulb 
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Thuo-to-Katings 


FOR EVERY APPLICATION. CHICAGO ‘“‘Sealed- 
in-Steel”” Transformers are available in 
3 mountings for every modern circuit 
application: Power, Bias, Filament, 
Filter Reactor, Audio, MIL-T-27, Step- 
down. Optimum toughness with a wide 
extra margin of dependability makes 
CHICAGO transformers the logical choice 
for industrial and military research and 
instrumentation, for prototype produc- 
tion, amateur and commercial broad- 
casting, communications, high fidelity 
and public address applications. Ask for 
CHICAGO Transformers—the world’s 
toughest—at your electronic parts 
distributor. 


FREE CHICAGO CATALOG 


You'll want the full details on 
CHICAGO'S complete ‘‘Sealed-in- 
Steel"’ transformer line. There is a 
unit available for every modern 
circuit requirement. Write for your 
Free copy of Catalog CT-153, 

or get it from your electronic 
parts distributor. 





H-TYPE. Stee! base cover is 
deep-sea! soldered into case 

Terminals hermetically sealed 

Stud-mounted unit. Meets al! 
MIL.-T-27 specs 





S-TYPE. Stee! base cover 
fitted with phenolic terminal 
board. Convenient numbered 
solder lug terminals. Flange- 
mounted unit 








C-TYPE. With 10” color- 
coded stripped and tinned 
leads brought out through 
fibre board base cover. 
Flange-mounted unit 
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practical 
application of 


RADIOACTIVE 
SOURCES __ caestia 
ey iadity 
Cresgryyi deity ety 
to4 Tear eats 
RADIATION SOURCES 


a B 


siay 


Beta Gauge. 
Liquid Level Gauge 
Standards 


NEUTRON SOURCES , 
Pw 


~ 


a 


Y 


a Min. Emission 


Ra ..........1.3 x 10° n/mc/sec 
RaD . . 26 x 10° n/me/sec 
ae 26 x 10° n/mc/sec 


LIGHT SOURCES 


| ey 
Qo 


Emission—Blue, Green, Yellow, Orange 


Exciting Isotope — Sr”, Tl, Pr'”, C". 
color 


radia- 
comparable 


Max. Brightness — Depends 
and exciting isotope. 
tion free. Brightness change 
to decay rate of isotope. 


upon 


Essentially 


e 
INQUIRIES INVITED—our vast experi- 
ence and knowledge at your service 
United States Radium Corporation 
535 Pearl Street. New York 7, N. Y. 
attention Dept. N-1 


is then removed from the system; the 


gas containing radon is transferred 
into the chamber of the alpha counter 


An addi- 


aged at 


by displacing it with water. 
tional liter of compressed alr 
least 3 months) is added to the chamber 
to flush radon in the traps and bring 
the chamber to atmospheric pressure. 
Measurement. The 2-liter chamber 


used for measurements* is operated 
with the 
ground and the 
+1,500 volts. 


collected; this provides a sloppy pulse 


central collecting rod at 


chamber wall at 


Thus positive ions are 


and limited counting rates, but oxygen 


need not be removed from counting gas. 


Recoveries and Blanks 
Recovery of breath radon by this 
procedure was examined with an arti- 


A known 


sample of radon from a RaCl standard 


ficial lung and spirometer. 
was introduced into the spirometer, 
which was filled to 30 liters with expired 
iir that had been stripped of radon by 
passing It through a charcoal cartridge. 
{ small fan in the spirometer mixed the 
gas thoroughly. 


The artificial lung—a valved rubber 
balloon in the spirometer exhaust that 
was inflated and deflated by the oper- 
itor breathing into the bottle surround- 
ing the balloon—was used to pass the 
spirometer air through a charcoal car- 
rate approximating the 
man. The 


30-liter 


tridge at a 
normal breathing rate of 
total 


time to “expire” the 


olume varied from 5.5 to 6.0 min. 
The radon adsorbed on the charcoal 
vas released and measured by the 


methods deseribed previously. Re- 
sults of 21 runs indicate that recovery 
is satistactorv (S5-100.5% \ ten- 


deney toward somewhat lower re- 
eoveries as the sample increased from 
0.20 to 12.3 uuc, liter of radon was 
noted 

With no radon added to the spirom- 
eter, small significant amounts of radon 
vere measured in gas samples collected 

ym the heated charcoal This was 
ittributed to radium contained in the 
charcoal; measurements made after 
radon had been allowed to accumulate 
that the | 


indicated charcoal had an 


quivalent radium content of about 


io * 10 fcurles (gm. This value was 


eorrect results. 


used to 


Field Measurements 


[wo 


ments separated by Ol, months, have 


chareoal-cartridge measure- 


heen made on each of three radium 


*J. B. Hursh, A.’A. Gat 
7, N 1, 46 
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isotope personnel to keep 
constant check on accum- 
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pocket. 
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operate “accessory equipment, 
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Neg.; RESOLUTION TIME — 5 Microsec- 
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READING — to 99,999,999. 
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s whose radium content 
tored periodically by the 
reath-bulb technique. The 
results, in uye liter radon 
ned in the two tests for each 
590 and 3.10: 8.60 and 8.45: 
10.85. The last two measure- 
the breath-bulb technique, 
to the first charcoal-cartridge 
espectively: 3.90 and 5.53: 
16; 1.67 and 2.26. The 
each worker do not 

his job history. 
ted results provide only 
mation of the usefulness 


cartridge for field 


Discussion 


idsorption method of 
Uses a prolonged 

l that provides a sample 
ty and more physio- 
ite, compared to the 
technique. Activity — of 
nereased 30-50 times 
rround contribution of the 
nt of the charcoal can be 
quite accuratelv. While 
1) technique proa ides a 
sumple, the larget char- 
ample makes measure- 

n oshorter time 

tv of measuring equip- 


m, this could be a real 


ar that the increase in 
end space brought about 
HaSK Was a disadvan- 
ireoal cartridge method. 
human body responds to 
dead space by a prompt 
ntilation rate so that the 
breathing period with 
place serves to stabilize 
uwdon loss. 
oblem common to both 
hat the body, even with a 
ium burden, comes into 
vith the radon in the sur- 
This problem is’ sur- 
sampling after the worker 
radon-free”” atmosphere 
xtended time. Calculations 
t the amounts of plant-au 
gible after the worker 
f the plant for 48 hr on 
no environment = ts 
m-free. But the error 
low levels of radon is 
le by the 10-min breath- 
don-stripped”” air before 


irtridge measurement is 
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CARBON RESISTORS 


Years of intensive research and 
development bring you match- 
less stability and accuracy. 

Dalohm deposited carbon re- 
sistors are manufactured under 
rigid controls ina special furnace 
developed exclusively by Dalohm 
engineers. This process, inciden- 
tally, eliminates soot which in- 
sures still greater stability. 

Pure carbon in crystalline form 
is bonded to a selected ceramic 
core and then sealed against 
moisture and other environmen- 
tal factors with a special silicone 
coating. 

Temperature coefficient 140 
PPM per degree C for the lower 
resistance ranges up to 500 PPM 
per degree C for higher resist- 
ance ranges. Three resistance 
ranges: DC-l/ (50 Ohms to 5 
Megohms); DC-1 (50 Ohms to 10 
Megohms); DC-2 (100 Ohms to 
50 Megohms). 1% accuracy. 
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— 
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tions. Resistance range 5 
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RATINGS ot ux 
problems. ‘Pox 


ee by which power-reactor types surmount the most important design 


rating is "1"; “intermediate” rating is “2”; and “good” rating is “3” 


Reactor Designs 


for Commercial Power 


By J. R. MENKE 
\ Lh opment A 
Ve Yor! 
is certain! 
reactor ty onstruction 
in effort to soly | 


ol commerchkit 


ments It 
hen juli i s yx io i CoO ecause 
Importance 
is not reasonable = wate ra Intermed » in bot! 
Is KNOWN 


ipable 


“ratings” 


a choice reacto 
moderated ren 
Hanford design 
or in neutron econom 
ites poo! In processing be« 
iltitude of solid fuel rods 
ult and ex 


pensive to fabrica The | kogeneous reactor rates low 
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These instruments and components 
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a 


Listed here are some of the many special types of ElectroniK 
instruments and Honeywell components which are helping research 
men to measure, record and control in thousands of research 
projects. For information on how they can be utilized in your own 
work, write to MINNEAPOLIS-HONEYWELL REGULATOR Co., 
Industrial Division, Wayne & Windrim Aves., Philadelphia 44, Pa. 


Special Zlectiuonik recording instruments 


of interest to research men: 


FUNCTION PLOTTER—automatically plots the relationship, y= f/x), 


between any two variables that can be converted to electrical signals. 


TWO-PEN RECORDER: simultaneously records two variables on a single 


chart . . . both pens can traverse full width of 11-inch chart. 


ADJUSTABLE SPAN RECORDER: span can be adjusted over a 50 1 range 


. zero can be suppressed as much as 100°; of maximum span 


Y%.-SECOND RECORDER: for recording rapidly-changing variables; full 11-inch 
scale pen movement in only !» second. Chart speeds from 1 inch to 14,400 


inches per hour available. 


NARROW SPAN RECORDER: measures spans as narrow as 100 microvolts 


without external pre-amplifier . . . completely self-contained. 


Electronic components for laboratory use: 


BROWN CONVERTERS: transform low-level d-c signals into 60 or 400-cycle 


alternating voltages . . . Unaffected by atmospheric pressure. 


BROWN SERVO AMPLIFIER SYSTEMS: consist of converter, amplifier and 
servo motor . . . Sensitivities of 2.0, 0.5, and 0.05 microvolts are available, 


with corresponding voltage gains of 10°, 4 x 10° and 40 x 10°. 


BROWN 60-CYCLE 2-PHASE SERVO MOTORS: Provide positive positioning 
. totally enclosed, self lubricated. Maximum torque: 27 RPM 

motor—85 oz.-in., 54 RPM motor—43 oz.-in.; 162 RPM motor—19 oz.-in.; 

333 RPM motor—4 oz.-in. 


Honeywell 
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in neutron economy but best 
It should b 


mediate in both revenue 


ing and capital cost. 


Since a pilot model has bee: 

this reactor rates intermed 

scale of difficulty. It is a 

tive approach to the proble: 
The fast reactor, 

EBR, rates very hig 


mwhn concerning its salety. 


Unfortunately, it 
Little is 
The fast 
s ultimate fate is likely to de- 


and revenue. 


tes poor in processing. 


on the requisite capital iInvest- 
which is as vet undetermined. 


| the cost be favorable, there will 


much to savy for this reactor 


Lit be unfavorable, it may 


ficult to justify the construction of this 

ol reactor on purely economic 
grounds. It is the current aim of at 
least one of the industrial study groups 
to determine the capital cost character- 


istic of fast, dual-purpose reactors. 


hased 


Survey of Radioactive-Waste Disposal Practices 





TABLE 1 


Governmental 
Med il and health 
Industrial 
Research 


| ducational 


Questionnaire Distribution and Response 


AL, 1,027 





TABLE 2. Questionnaire on Radioactive-Waste Disposal Practices 


Concentration 
salts in the 


(MM) 


Methods o 


\pproximate 


por il 


Have diseussed | 
with a non-AEC ager 
Method discussed 


Believe existing 
present a hazard 


creased use of isotope 





By H. S. MILLER, 
F. FAHNOE, and 
W. R. PETERSON 
| ( erporation o ] 
\ bork, Ne bo 


vencies have be- 

werned about the lack of uni- 
radioactive-waste disposal 
In the interest of pro- 

public from potential haz- 
Atomic Energy Commission 


nto conduct 


at) present 


junntities ol 


» discouraged, 
idred-nine installations had 
radionetive iste disposal 


») 


t spent SI to $25 per vea 
S25 to SSO per vear: IS spent 
S100 per vear: 26 spent SLOO to 


ear: 5 spent S500 to S1.000 


15 spent 81.000 to 86.000 


BIBLIOGRAPHY 


January, 1954 - NUCLEONICS 





REACTOR FACTS 


e ‘Clementine,’ the recently dis- 
mantled fast reactor at Los Alamos, held 
thre orld firsts—first reactor to use 
pure fissionable material, first to use 
liquid met nercury) as the coolant, 


and first not to use a moderator. 


@ EBR is expected ultimately to run on 


plutoniut ust as well as on U? 


® Cost of HRE was $1,000,000; it took 
about $3,000,000 to develop. 


e SIR moderator will be beryllium. 


@ STR-prototype in Idaho cost $20-mil- 


{ | 
lion exclusive of Tuell. 


eA gaseous diffusion plant can be 
built slightly faster than the powell 


plant lor it 


® British pilot nuclear power plant at 
Cumberland is being planned for op- 
erating temperatures of 350 to 400° C. 
At these temperatures, aluminum ot 
magnesium can be used to can fuel. 
With carbon dioxide as the heat trans- 
designers hope to achieve 

amie efficiencies of 20° to 

Tanned 40,000-kw power is 

of average generating station 


in Britain. 


WANTED: 


Editors for 


I 


---Need men with several 
years experience in atomic 








energy field 


---or recent graduates with 
strong college nuclear back- 


ground 
* 


Send resume, salary 


requirements to 


Fuiior NUCLEONICS 


330 West 42nd Street 
New York 36, N. Y. 
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@ Especially designed for laboratory use, as the 
“foundation” instrument of a complete system for 
laboratory or clinical measurements. Price $575.00 
f.o.b. Richmond. 


@ DIRECT-READING DIGITAL COUNT. No interpolation required; 


less-fatigue, fewer chances for error. 


@ PREDETERMINED COUNT permits automatic operation over a 
full range of 15 predetermined count settings from 10, to 
400,000. A like number of scaling factors are provided for operating 
external registers, count rate computers, or marking devices, 


© BUILT-IN TIME CLOCK records elapsed time. 
© PROVISIONS FOR G-M OR SCINTILLATION COUNTING. 


Took BERKELEY Offers Complete Line of Nuclear Instruments, Accessories! 


@ Decimal Scalers e Survey Instruments, Monitors © Accessories: Automatic 

e Portable Scalers e Scintillation Counters Timers, Clocks, GM Tubes, 

e Count Rate Meters ¢ Decimal Counting Units Probe Assemblies, Recorders, 

¢ Counting Rate Computers e¢ Double Pulse Generators Lead Shields, Planchets, 
Absorbers. 
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ming ) PDOOKS——— 
TROUBLE? 


Luminescence and the 
Scintillation Counter 


By S. C. CURRAN (Academic Press, Inc., New 
York, and Butterworth's Scientific Publications, 
London, 1953, x 219 pages, $5.80). le 

I 4 sey, Physics Divisio: 


il Laboratory, Oak 


urran’s book is written as a 
» the subject of the scintillation 
As he points out, the seintil 


) counter is an exceedingly flexible 
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Westacott. P|] 
York 


LO phical Library, New 
1953 x1 + 140 


pages, $3.75. 
presents a rather com- 
the manv-sided char- 


pioneer Of scrence, 


ALSO OF NOTE 


The Meaning of the 1953 Hearings on 
c Energy. This report of the 
etivity of the Atomic Industrial 
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Plug-in Unit. 


A station plug-in unit 
sists of ion chamber, cable 
power supply, and controls 
Various chamber sizes and 
calibration source optional 
Installation only requires 
plug-in by customer 


TYPICAL APPLICATIONS 


MODEL RAMS-—! 
lon. chambers available in various sizes 


e Inexpensive, simple, flexible monitoring systems available 
as low as $450.00 (one station 


One to ten monitoring stations can be included in 19’ 
contro! panel shown above 


Plug-in units quickly and easily permit the addition of 
monitoring stations at minimum expense (each additional 
station as low as $125.00) 


Logarithmic scale meter in ranges from background to 
100,000 R/ hr 


Power supply—low voltage batteries provide minimum of 
six months’ continuous use. One year and longer for in 
termittent use 


Stable, low voltage, circuit requires no amplification 
Operates up to 5,000 ft. from control pane! 


Eliminates such troublesome components as high voltage 
supply, vibrators, transformers and high-meg resistors 


Remotely operated, built-in 
~ 5% accuracy 
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Bureau of Standards) 
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Tested by National 


Recorder and/or alarm devices easily connected 


Hot lab personne! and contaminatjon monitoring * Radiation Therapy Installations * Pile 
and -Isotope Separation Monitoring ® Industrial Radiography Exposure Indicator * Water and 


Air Monitoring ® Atomic Tests 


Write for Bulletin RAMS—1 
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Eisenhower Proposes International Agency 


for Developing Peacetime Applications of Atomic Energy 
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Dutch Plan Experimental 
Nuclear Power Station 
five to eight vears, an exper- 
ear power station will be 
Netherlands. As 


will initially 


megen 
generate 
on a commercial basis. 
expected to approximate 
l-produced electricity. 
the Dutch institution for 
and 


materials research, 


an electricity. research 


eking the plan. 


3 Nations Will Release 
More Power-Reactor Data 


of additional information on 
related 
has been approved by the 


> 
Le lense 


power reactors and materials 


tec] holwgy 


U. s. Atomik 
the governments of 


nergy Commission and 


Canada and the 


United Kingdom 
ms in the Tripartite Declassi- 
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conference held in Canada 
vere approved by AEC in 
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specified technical informa- 
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action permits the 
three countries as a 
their combined wartime 
I specific reports will Clarify 

declassification agreed 
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lve: Certain data on 


some ol items to 


slightlv-enriched powel 
ain physical properties 
llic plutonium, fluoride 
istrv, and the spon- 
Pu? and U26, 


statement on the action by 
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countries is expected in 


Planning Progresses for 
European Research Center 
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ir scientists from 12 European 
in Geneva last November 


for the 7th session of the European 


Vol. 12, No. 1 - January, 1954 


Washington. Report 


RP RevVISION OF 


of national significance for attention of Congress 


\romic EnxerGy Acr will compete with other legislation 
Klection-veet atmos 
phere and relatively short session could make the going tough 

Changes in the law to permit industrial development of nuclear power 
are gaining interest. Hearings of at least six weeks are indicated by 
the number of requests for appearances already received by the Joint 
Most witnesses who testified at the pretium 


NU, Sept. 753, p. 9 ind 


Congressional Committee 


inary hearings last summer will come back, 
many new ones besides 
Before it starts hearings, the Joint Committee wants a chance to study 


these documents 
AEC DRAFT OF LEGISLATION needed to prod ice the required revisions 
This is the bill around which the hearings and committee discussions 
These 


federal agencies in late December with no firm date set for submission 


will revolve AEC proposals were still going the rounds of 


to Congress. 
AEC 


“social, political, economic and international 


\N INFORMAL REPORT by as required by Sec. 7b of the Atomic 


Energy Act) on the 


effects” of the development of atomic power Karly versions of this 


report were more comprehensive than had been expected by many 


government officials But, again, there was doubt that the report 


could meet an early January deadline 


FIVE-YEAR PROGRAM of government research and development on 


This schedule, also being prepared by 
the 


industrial reactors. 
AEC, 


power-reactor field 


power 


would indicate the direction of government research in 


\ staff report has already been completed 
\EC's 


‘ ‘“s ‘ ro 
are lagging 


RP PROPOSALS FOR INDUSTRY PARTICIPATION In first 
NU, Dee. 53, p.s ‘Tentative dead- 


line of February 15 has been set for receiving firm offers of private risk 


utilitv-size 


nuclear power project 


capital. 

Meanwhile the Government is holding up key decisions such as site 
selection and architectural planning to give industry wider leeway in 
joining up. 

Main areas for risk capital are: 

CONSTRUCTION of Conventional portions of the 60,000 kw plant such 


as the generator and turbine along with necessary buildings 
OPERATION of either a part or the whole project. Experience of large 
ARC 


scientists believe utility-trained men are equipped to gather the actual 


electric utilities would fit them for this area of participation 


operations data being sought. 

Besides PaIMIne first-hand knowledge of nuclear power technology, 
industry participating in the project could keep a close eye on factors 
Kor AKC 


industrial participation would ease the federal financial responsibility 


relating to economic feasibility of the government plant 


P ApMINISTRATIVE POLICY figures heavily in the gradually tightening 
AEC information program (NU, Dee. °53, p. 71 


officers raised a ruckus at a recent meeting over the memorandum requir- 


Field information 
ing Washington review of any ‘“‘nonroutine”’ news releases. Considera- 
tion Was given to withdrawal of the memo in favor of a detailed manual 
for AEC information officers. 

Until the manual could be put together, there was no way of knowing 
whether it would meet the objections raised by the memo, or put a 
tighter lid on public information releases. 
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REMOTE-CONTROLLED TRAILER and tongs are used by members of the Health Physics 


Division of AEC’s Idaho Operations Office for handling radioactive materials. 


body of trailer is locked in place by a rod. 


by cable to offset boom dumps trailer. 
knives, or hooks 
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When rod is released, hand winch connected 


Tongs supported by portable tripod employ jaws 
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Nuclear Power Industry 
Needs Capital Guarantee 


In that the 


weapons material market would be out 


stating unpredictable 


of the question as the main source of 


for a nuclear power industry 


D Johnson, general Manager 
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IRE to Discuss Role of 
Electronics for Reactors 


(Applications the 
of nuclear reactors will be 
March 24th at 
sponsored by the nuclear science group 
Institute of Radio 
The meeting, to be held at the Shelton 
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operation 
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the engineers. 
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botham, Brookhaven National Labora- 
tory; T. Brill, Argonne National 
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For years the Victoreen Condenser r-meter has fulfilled its designed function as a secon- 


Zirkle Named Chairman of dary standard of radiation measurement. The r-meter continues to grow in versatility and 
NRC Radiobiology Unit reliability—while retaining its world-recognized accuracy and its simplicity of operation. 


The Nat onal Research Couneil’s 
on tadiobiology of the 
Nu lear Science Is NOW’ Detachable ionization chambers are charged in the r-meter, placed in the radiation field, 
E. Zirkle, of the Univer- then returned to the r-meter where total exposure in Roentgens may be read. 


The Condenser r-meter is a compact, portable, battery-operated instrument for the pre- 
cise measurement of gamma radiation and X-ray dosage in International Roentgens. 
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PHOSPHOROUS 0.038 DIV/MIN « MC P32 
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Beta-Gamma monitor «+ Built-in source 


for exact calibration check 


$1§ 750 


A brand new version of the 
Jordan Radector—widely 
used for Civil Defense—is 
now available for general 
purpose x-ray and isotope 
monitoring 


Two beta-gamma models ea 
rithmic scales 
Model AGB-50-SR 
Model AGB-500-SR 


05-50 mr 
5.500 mr 


Built-in calibration source 
of at least * 10% 
Energy dependence—Si 
from 75kev. to 1 2mey 
of Stds.) 


Stable, low 
ion chamber 
components as high voltage 
transformers, and high meg res 


voltage circ Neher-White 


eliminates ] roublesome 


Battery life—Continuous 
by Nat'l Bur. of Stds 
two years 


Hermetically sealed 
mounted, unaffected by 
or pressure variations 


JORDAN RADECTORS 
ARE NOW USED BY THE FOLLOWING 
Los Angeles Tumor Institute © Cancer F 
Boston © University of California « 

¢ California Institute of Technology 


Engineering Co. © Radiologists and medica 
organizations « AEC. Installations * Civ 


the Military 


Defens 


Multi-channel Remote Area Monitoring Systems 
utilizing the Radector circuit are also available 


Dealer Inquiries Invited 


WRITE FOR BULLETIN AGB-1 


JORDAN ELECTRONIC sates, inc 


119 EAST UNION ST. PASADENA 1 CALIF 
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rvicige 


ips for industrial hygiene studies 
Pittsburgh 


niversity ol 


rvard’ University 


@ Health physics fellowships. Appli- 
itions are being accepted by the Oak 
Institute of Nuclear Studies for 
ram consisting of nine months of 
vork followed by three months 
ARC installation. 
carried out in three 
Vanderbilt 
National Labo- 


Rochester 


i training at an 
programs are 
ite programs: at Uni- 
ind Oak Ridge 
the University of 
en National Lal 
Washington 


oratory 


niversity ol 


@ French-Swedish cooperation. ‘The 
riat & Energie Atomique 
ered uranium rods for the 


now StTOCK- 


being completed in 
Atomic Energy ¢ 


Company Wil ship uran 


1) Sweden s 
( Swedish 


vide to France 


@ Investment fund. Common stock ts 


ng offered by Atomic Deve lopment 
Fund, Ine., for investment in 
utomic s¢l- 
A ssoci- 
York 


LV Isgl 


ities resulting from 
Nucleat 
In White 


re the 


Development 
New 


fund’s technical : 


Plains, 


@Research appointments. Applica- 

temporary researe hi appornt- 

biology, chemistry, engineer- 
i yy 


+ ] - 
cine metallurg ana physics 


Argonne Nationa 


recepted hy 


} 


n research reactol 
to become 
\ecident = in 
NRX. reconstruction 

a p. (6; \are 


rimation is 


operational 


Decembe l 


Intern 


NRX 


features 


uded in new 


midian researc! 
be . Is sf he l 


NRX 


instead ot 


Unlike 
water 

int 
The 


will be laun 


sub, 


Dmiarine 


Launch first 


ered su 

at) Groton ( 
probably occul 
tests will determine 


future nuclear pro} 
@ Swedish cyclotron. 

m has 

Institute for 

Im. The high e: 


’ the worl | Ss largest 


heen con 


RAW MATERIALS 


eSweden. Full-scale ope: 
it the extraction 
Large de- 


200 


in Central Sweden 
contain bout 
per ton ol 


installations 


pure uranium 


will be 
uranium cle posits 
Jungle in the Northern Terri- 


Commercial-scale production Is 


to start in about six months 
from the 
\tomu 


Commission as part of plan 


Australian authori- 


e plant shipped 


States bv the I S 


cooperate with 


in the uranium 
Plant 


shipments to the U.S 


exploitation of 


cost will be paid hy 


NEWSMAKERS 
S. E. Beall has been apy 


engineer in charg 1 ¢ 


it Oak Ridge 


wointed project 
yperimental 
veneous reactors 
mal Laboratorv. He will be re- 
he program leading to 
HRI 


ictol 


Donald F. Mastick, former 
issistal 
Atom 
ecome coordimatol 
Precis 


N.Y 


for Gene 


New \ Orn 


president. ol 


William R. Hewlett, vice 
Hewlett 
president of the 
engineers He succeeds 
McRae, president of Sandia Corp. 

| Western Eleetric Ce 


is been elected 
Radio 
James W. 


ina 


Packard Co ! 


Institute of 


ce res1dent ol 


Maurice M. Shapiro, head of 
| I Naval 


been 


Re- 


named 


cosmit branch of the 


search Laboratory | 


ntendent of the nucleonics di 


F. N. D. Kurie, 
director ot 


He succeeds 


technical 
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become 





nics Laborators 


Alexander T. has been named 
e radiochemical division 

ratories, Berkeley, Cal- 

formerly a member of 

department of the 


Uy ( t ( lornia. 


William E. ae has been appointed 
n manager in charge of 

the Westinghouse 

lect ration’s Atomic Powe1 


1) 
| 


Frederick H. Warren is now a consult- 
nh us and developments 
energy field. He had 
ector of the construc- 
vision of A.E.LC. 


MEETINGS 


Jan. 25 27: High-Energy Nuclear 
Physics Conference, University of 
Rochester, Rochester, New York. In- 
of latest experi- 

d their interpretation 

ve group of active 

in the field of high- 

The conference will 

Joseph B. Platt. It 

ed by the University of 

National Science Foun- 


roup. ot Rochester 


March 24: Institute of Radio Engi- 
neers National Convention. See story 


June 20 23: American Institute of 

Chemical Engineers’ Conference on 

Nuclear Engineering; University of 

Michigan, Ann Arbor, Mich. Will 

! ( hemical engineering in 

nuclear energy with 

owel production, educa- 

ngineering, and 

wt utilization. The con- 

ler the direction of Donald 

in of the university's 

etallurgie al engineering 
NI Aug. °53, 


July 13.17: Conference on Experi- 
mental and Theoretical Nuclear Phys- 
ics; University of Glascow, Glascow, 
Scotland. Topics to be discussed in- 
N oreces, properties of 
els, beta- and gamma- 
mesons and heavy 
tration will be = on 
rather than on 
mental tec hniques. 


July 19 24: Harwell Radioisotope 
Conference; see story on page 74. 
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NEW! Ford Instrument Size 15 
\ TELESYN’ 
RESOLVER 


e Extremely accurate computing unit 


Resolves input voltages into sine and 
cosine components 


Miniature size 
Lightweight 
Precision built 
requirements 


Rated 1-24 volts, 400 cycle input 


to meet rigid military 











Size 15 Resolver shown full size 


The Ford Instrument Size 15 Telesyn Resolver 


available in three models with transformation ratios 


= |- 


is 





of 1:1, 4:1, and 8:1... making it adaptable to nu- “ 
merous applications: analog computers, angle data WRITE FOR FULL 


transmission systems and similar equipment. 


DETAILS — this 
data sheet gives 
you the complete 


ux FORD INSTRUMENT COMPANY [2<'',0°°"°" 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N.Y. 





How many are immediately available 
from stock in YOUR a 


(1) Solenoid, (2) ge Booth Filter, (3) 
Printed Component, (4) Mercury Counter, 
(5) Transistor transformer, (6) Tem- 
perature indicator, (7) im- 
eter Charger, (8) 2KV 
Supply, (9) Microposi- 

tioner. 


yee RADIO SHACK CORP. 


Catalog 


Address 


167 Washington St 
Boston 8, Mass 


Name Company 


Want more information? Use post card insert in this issue 





PRODUCTS anno MATERIALS 


node X-rav tube, has a rating 
it 100 kv. Effective 


mm. TTubestand is equipped 


focal 


compensated spring counter- 
Potential is said to be constant 
pective of load. Timer circuit en- 
s exposure factors to be determined 
exposure is made; time switch 


O.06-S sec range pP-2 


Alpha-Beta Dose Meter 


Landsverk Electrometer Co., 550 W 
Garfield Ave., Glendale 4, Calif. 
The L-76 quartz-fiber meter 


measures a- and B-ravs down to 


model 


tion of radioactive backgrou 
built-in timer stops the fiber 
the microscope reticle; timer ¢ 
to read directly beta contamin 


Radiation Thickness Gage 


Inc., Tulsa, Oklahoma. 


Rad-O-Thik measures wall thick- 


food and water by fission prod 


Instruments 
rectly in terms of acceptable LO- or 8 r] ; 


‘ . roeENne rvels of the 
ne pti rhe ssi ness Ol pipe without access to the inside 
JAQuUuIdd san sure supported in meta 

a gy a Py the pipe and, under certain condi 
containers below the ionization chan 
: ons, Without removing the pipe from 
included 


ber. Aecessories 


ee The source is 'y,990 gm ra- 


planchets, planchet holders , = os In salt thy detector Is a G-M t ibe 


and instruction book | aay 


dishes 


unting-rate meter Is) culibrates 


ot stee One unit may be used 


between 


P > 
» 


pipe size 





Glow-Transfer Counter 
Atomic Instrument Co., 84 Massachu- 

Cambridge 39, Mass. 
162A glow-transtfet 


of 1,000,000 


setts Ave., 
Che model 


MaNIM 


countel 
Im capacity 
range of 0-5,000 


speed 


te t} 
VW i } 


Counting, indication, and trans- 


by the cold-cathode tubes 
. : t } e or negative 
Mobile X-Ray Unit ne waves of 4-60 volts, depend- 
I ‘ A jal NK pro- 


operation, 


be positi pulses 


Philips Electrical Ltd., Century House, setting 
Shaftesbury Ave., London, W.C.2, 
England. The D.X.5 mobile X-1 ib 
unit, fitted with a Mullard s!| tton res ible register. P-4 


1ote-control 


as a counter or push- 
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Analog Stimulus Generator 


George A. Philbrick Researches, Inc., 
230 Congress St., Boston 10, Mass. 
The model 


CS analog stimulus genera- 


tor is lor use in high-speed repetitive 
Fixed time 


1O-msec 


omputing systems 


mse ot ZO cycles/see affords a 


i 
Three internally 


computing interval, 


signals hold a svstem 


synchronized 


stabilized prior to stimulation, provide 


i linear time-base cove! ¢ the 50-msee 


inte! ind proy ile a pulse adjustable 


from 0 to 50 volts, positive o1 negative 


which may be retracted toforma square 


pulse tf O-30)> msec 


reversing system op alternates 


between positive and negative 


stimuli on a 10-evel P-5 


step 








ELECTRO 
fy) mee 


Photomultiplier Tube 


Radio Corporation of America, RCA 
Victor Div., Harrison, N. J. 
oOtomultipiler tubs 


Phe 6342 
scint iting counting 
> O00-6.200 \ 


1 OOO \ 


supply 
is 600.000 
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hetween 10 and 90°> mag- 
nts when supply voltage is 
rise time of pulse at anode 
P-6 


Coincidence Analyzer 


Radiation Instrument Development 
Laboratory, 2337 W. 67th St., Chicago 
36, Ill. The model 412 
inticoincidence analyzer has resolution 
be fixed for the life of the 
instrument; it will not go out of calibra- 


coincidence- 
ranges sal 1 to 
i tube is changed or repairs 


Input 50 to +100 


nv combination; resolution 


pulse is 


ire 0.25, 0.5, 1 and 2 psec; 


utput is 25 volts, negative. 
be used in anticoinci- 

vith anv other one or all of the 
ls. Coincidence output 
negative; anticoincidence 


its, negative. Channel 


10 usec. ( 7 


Remote Electronic Thermometer 


Yellow Springs Instrument Co., Inc., 
Yellow Springs, Ohio. The Tele- 
Ther eter, a remote-reading elec- 
the 
I, with temperature read 


thermometer, operates in 

il calibrated in Centi- 
hrenheit Readings are 
25° C and can be eali- 
ot” €;. \ 
a 6-ft, plastie- 


thermistor 
he tip of 

Power is supplied by a 
battery. Units may be 
n ultiple-« hannel models 
(P-S 


se witli eries of probes. 
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Want more information? 


Data Recorder 

Hastings Instrument Co., Inc., Super- 
highway and Pine Ave., Hampton, Va. 
This 


three variables at 20 different points, 


instrument records in sequence 


utilizing any sensing element providing 
an electric output. Unit can be set to 


different combinations of manual or 


automatic operation; it can be set to 
record as many as 60 variables. Time 


to record 60 measurements is 2 


Min; 
svmbols identify variable measured and 


point of measurement 





Dust-Proof Cabinets 


The Baker Co., Inc., Maplewood, Me. 
The 


germ-pt oot 


model 12 bench-type dust and 


cabinet, drawing ai 
removes 


Wor o 


; opening is 32 X 6 


through an electronic cleaner, 


particles below 1499 micron. 


space Is 40 24 in 
in. Clean air foreed into workspace 
maintains pressure barrier “against con- 
through 


fluorescent 


tamination Two 


50-watt 


opening. 
lamps illuminate 


interior; ultraviolet lan are also 


available 


Decade Counter 

Decade Instrument Co., Box 153, Cald- 
well, N. J. The model 100-1 
counter provides square waves at !4 0 
of the input frequency. Another out- 
put circuit furnishes positive or nega- 


decade 


tive pulses with rise time of 0.25 usec 


Use post cord insert in this issue 


at an amplitude of 40 volts. Input 
requirements are 100) my 


to 1.2 Me, P-11 


100) eveles 


Decade Counter Tube 


Amperex Electronic Corp., 230 Duffy 
Ave., Hicksville, N.Y. The type kIT 
tube gives count indi- 


decade counter 


cation by a rectangular luminescent 
spot appearing Opposite figures Oto 9 
on the circumference of the bulb It 
300-volt The 


position 


operates on a supply 


tube can be mounted in any 
the tube 


fluorescent screen downward. 


except with horizontal and 
Socket 
is the Amperex duodecal type S-13264 
or equivalent. P-12 


Radiochromatogram Scanner 


Nuclear Instrument & Chemical Corp., 
229 W. Erie St., Chicago 10, Ill. The 
Actigraph automatic scanner for paper 
radiochromatograms consists of a strip 
feeder, lead shield that contains mica- 
end-window counter and collimating 
slit, 


and an Esterline-Angus chart-type re- 


analytical counting-rate meter, 


corder. The chromatogram is taped 
to a metal strip table passed through 
the lead shield, and through the rollers 
of the strip feeder. Movement of the 
strip is synchronized with the recording 


chart. Chart and strip may be set to 


719 





one of eight speeds from 0.75 to 360 in 
hr. Special tables permit operation as 
a simple sample changer or 
sorbers to produce a characteristic ab- 


sorption curve, P-13 


Radioactivity Air Sampler 

Tracerlab, Inc., 130 High St., Boston 
10, Mass. The BI-101 
laboratory air sampler 


S16 


radionetivits 
consists 
tvpe stainless-steel filter holder 
vacuum gage, and vacuum hose attach- 
The holder takes 

filter 
mounted on a l-in. planche 
Filter 


stainless 


ment. 
diametes paper, whic 
Ing. is supported by 
mesh steel wire 
uetive y-in.-diameter filter 
16 in. He 

1 ft min 


H-70 


an 
Vacuum reading of 
indicates a flow rate of 
Hollingsworth & Vose 
thick) filter 


Using 
0.0090-1n 


P-14 


paper 


Electric Timers 


Atomic Center for Instruments & Equip- 
ment, Inc., 489 Fifth Ave., New York 
17,N. Y. These timers have ranges of 
0.1-10,000 see and 0.01-1.000 min read 


t 
Chey 


driven by asynchronous electri 


on an odometer-type clock 


requiring no oiling. Star 


stopping losses are self-comp 
Timers can be reset to zers 


’ 
Ofgresetting knob. 


80 


with ab- 


Decade Counters 

Wright Engineering Co., 180 E. Cali- 
fornia St., Pasadena 1, Calif. The 
Digipot mechanically- 
Potentiome- 


on each digit-wheel of the Digipot 


and Digicon are 
] 


ired decade counters. 


ters 

ide voltage division proportional 

the the me- 

The Digi- 

s designed with 10-ma-rated con- 
in 10 

of the 


number indicated by 


ini ally coupled wheels. 


each 
The 


with 3 or 5 decades. 


positions around 


counter wheels 
re avatlable 

allows for reduced transfer 
1.5 in.-ounces for all digits in 
directions. 
the 


P-16 


forward and reverse 


motors for actuation of 


are available 


Density and Level Indicator 


Instruments, Inc., 122 N. Madison, 
Tulsa, Okla. The Densitron 


tion-type level and density 


a racdia- 
indicator, 
amount of radium 


| 
comprises a smal] 


salt in a lead-shielded container (col- 
mated for emission in one direction 
i 6-lb detector unit, and an LS-lb mas- 


ter unit. It is claimed that the source 


» safely handled by one man for 


every day. Portable and panel- 


ounted units are available P-17 


Filter Membrane 


Lovell Chemical Co., Watertown 72, 
Mass. The Millipore filtet 


ide Ih sheets ol 


membrane 
140 microns thick- 


ss with about 50 million pores 


per 


ore information? Use post card insert in this issue 


Particles of 0.5 micron or greater 
The 


material is of uniform index of refrae- 


cm 


are quant itatively concentrated. 


tion, transparent when the pore volume 
is filled with a clean liquid ol proper in- 
dex. Jecause of surface collection, as 
opposed to penetration into the depth 
of the filter, radiation absorption is 


said to be minimal. P-18) 


Beta-Absorption Gage 


Central Scientific Co., 1700 Irving Park 
Rd., Chicago, Ill. The Beta Ray H C 
Meter, utilizing a Sr° 
ization-chamber 
the 


source and ion- 
detector, is designed 
to measure hvdrogen 


ind H/C 


to offer 


percentage 
ratio in petroleum, but is said 
other application possibilities. 
Analysis time is claimed to be reduced 
for the combus- 
Individ- 
ual determinations can be made with a 


statistical 0.02 


the 4 hr necessary 


ron 


tion-train method to 5 min. 


probable error — of 
No 

on is said to be measurable on a 0-25 

The 


ionization 


weight % hvdrogen. stray radia- 


mr/hr meter. unit uses two 


beams and two chambers; 


one beam traverses a fixed absorber and 


the 10-em 


l 


the other | 


‘hand an 


P-19 


sample ¢ 


idjustable absorber. 


» 


Cathode-Ray Tubes 


Radio Corp. of America, Tube Dept., 
N. J. The 5AB 


cathode-ray 


Harrison, series of 


5-in., flat-face, tubes uti- 


lize electrostatic focus, electrostatic 
deflection, and postdefles tion accelera- 
differ only in 
The 5ABPI, for 


" 
general-use 


tion; tubes 


phosphor 
wide-band ver- 


used 


high- 
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NUCLEONICS READER SERVICE 


A convenient method of obtaining information on 


ADVERTISEMENTS - NEW PRODUCTS * TECHNICAL LITERATURE 


Sample Card Correctly Filled-in 











NUCLEONICS © A McGraw-Hill Publicetion 





For New Products or Literature 


How to obtain information on . . . 
ADVERTISING 


To obtain additional information 
on any advertisement in this issue 
simply fill in one section of the TOP 
postcard to the right. On the first line 
put the page number on which the ad 
appears—then name of advertiser, 
and completely fill in the rest of the 
card. Four requests can be made, and 
each must be completely filled in, as 
they are cut apart and sent to the 
manufacturers concerned. Complete 
mailing information for each is essen- 
tial. Drop in the mail—no postage 
required. 


How to obtain information on .. . 
NEW PRODUCTS 


After each new products review, 
there appears a number (such as 
P-1). If you wish further information 
on any item, place the number that 
follows it in the box provided on the 
first line in the BOTTOM postcard to 
the right. As stated above, all the 
remaining information must also be 
filled in. 


How fo obtain... 
TECHNICAL LITERATURE 


After each literature review, there 
appears a number (such as L-1). If 
you wish to receive any literature 
item, place the number following it 
in the box provided in the BOTTOM 
postcard. Be sure to completely fill in 
each request. 


NOTE CAREFULLY... 
EACH INDIVIDUAL REQUEST MUST 
BE COMPLETELY FILLED OUT 


that appear in this issue 


Complete data on Products or Services advertised, New 
Product Items, and Technical Literature can be obtained 
by simply filling-in the business reply postcards below 
(perforated for easy tear-out). All the information 
asked for must be given in order to fulfill your requests. 
Correctly filled-in requests are illustrated on the right 
and left, and a detailed explanation given below. 
Please follow them carefully. 


Sample Card Correctly Filled-in 
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a--NUCLEONICS--service designed for--- 
READERS and MANUFACTURERS 


THESE CARDS 
VOID AFTER 
JANUARY 30 


For the Readers: 


NUCLEONICS fundamental policy has al- 
ways been to supply its readers with all the 
pertinent and timely industry news. The 
NUCLEONICS Reader Service supplements this 
policy by offering the reader an easy and 
effective means of obtaining complete, up to 
the minute data on products and of maintain- 
ing at his fingertips comprehensive, practic- 
able information on products and services in 


the industry. 


In every issue of NUCLEONICS there's com- 
plete coverage of the month by month de- 
velopment by manufacturers of new materials, 
components and equipment, as well as brief 
mention of all the important, new, manu- 
facturers' technical pamphlets and catalogs. 
Some of these items will be of particular 
interest to specific design and plant engi- 
neers, scientists, buyers, executives and others 
of our readers. They will want to make fur- 

ther inquiry concerning the new 
products described. NUCLEONICS 
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Reader Service makes it easy for 
them to obtain in readily access- 
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traces, can be operated with 
requencies down to 20 eps 
Withor flicker; emission is 
1£800-5,900 A. The 5ABP7, 
phosphorescence 


excessive 
for ap- 
requiring 

several minutes, can be 
ith seanning frequencies 
eps or lower with yellow 
mn is 4.200-6.600 A. The 
i short-persistence type 
(P-20 


graphic recording. 


Rectangular-Pulse Generator 
Tektronix, Inc., Box 831, Portland 7, 
Ore. The tv 


nygulal 


163 pulse generator 
ipplie ecta pulses of <0.2- 
e when triggered by either 
Lise roa negative-going 
external 

e, 0-25 volts peak to 

rate is 25 volts fixed 
Juration is 1-10,000 psec. 


source, 


by sawtooth, output 
0-100°% of sawtooth 
0.2 psec; 

(P-21 


time 1s 


a) istable to zero 


Oscillogram Processor 

Consolidated Engineering Corp., 300 
N. Sierra Madre Villa, Pasadena 8, 
Calif. The 


etely processes and 


23-109 oscillogram proces- 
dries 
ording papers, up to 12 in 


peeds exceeding 10 ft/min 


lities and external water 
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VERY 
HIGH 
STABILITY 


distinguishes this 


EKCO 
Power Unit 
1033A 


Please write for 

complete Catalogue 

of the range of 

Ekco equipment for the 
Radiochemical Laboratory. 


An H.F. oscillator type Power Unit designed 
to energise all types of counters, including 


proportional and scinullation counters. 


Ripple and spurious pulses are reduced to 
such a level that external filters are not 


normally required. Output voltage is 


continuously variable from §00 to 3,000 
volts and is virtually unaffected by normal 
mains variations. This Unit may be used 
with confidence wherever a highly stable 


voltage is needed. 


Specification 


Output Current: 1 mA max. between soo and 


1500 volts. 0.§ mA max. between 1500 and 3000 volts 


Output Voltage: Continuously variable between 
§00 and 3000 volts positive or negative, with an 


accuracy of I of dial reading 


Ripple and Pulse content. Ripple, Noise and 
Spurious pulses have a maximum level of 500 micro 
volts at 3000 volts H.T. A high impedance output 
socket is provided, at which this figure is reduced 


to less than 100 micro-volts 
Stability for 
Drift duc to 


all other causes is within the following limits: 


Stability & Resetting Accuracy. 
mains variations of 10”, 18 5 


1 hour 0.05 
100 hours = 0.1 
1000 hours |= 0.2”, 
Mains Input. 110-120 and 200-250 volts A.C., 
40-60 c.p.s. 


Consumption. 115 watts. 


EKCO electronics 


U.S. Sales & Service 
AMERICAN TRADAIR CORP., CHRYSLER BUILDING, 405 LEXINGTON AVE., NEW YORK I7, N.Y 


Canadian Sales & Service 
CANADIAN AVIATION ELECTRONICS LTD., 6214 COTE DE LIESSE ROAD, MONTREAL, QUEBEC 


EKCO ELECTRONICS LTD - SOUTHEND-ON-SEA - ESSEX - ENGLAND 
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new automatic scaler, 


based on proven circuits, yet In- 


Here's a 


corporating the latest engineering 
The Model 183 “Count- 
counts the 


advances 
O-Matic™ 
pulses from a G-M or scintillation 
detector, measures the length of 


accurately 


time required to accumulate a pre- 
determined number of these pulses, 
and supplies S00 to 2500 volts for 


the detector 


The instrument can be used as a 
conventional scaler with the count- 
ing time manually controlled by the 
Operator, or exclusive “Count-O- 
Matic” and scale selector controls 
permit: 21) predetermined count 
settings from 40 to 256,000 counts 
In addition, the counting time can 
be preset for periods ranging trom 
2 seconds to 60 minutes by the use 
of Model Tl Dual Timer. The 
scaler will then indicate the num- 
ber of disintegrations recorded dur- 


ing this time interval. 


Total count is indicated on an eas- 
ily read register, while the built-in 
timer automatically 
elapsed counting time to 9999.99 
minutes. A single switch operates 


indicates 


electrical reset of the register, 
timer, and interpolation lamps 


Model 183 should be chosen when- 
ever automatic Geiger or scintilla- 
tion counting ts advantageous. It is 
ideal for counting a large number 
of samples routinely, or may be 
connected directly to Model C-110 
Automatic Sample Changer. Fur- 
ther information on this scaler will 


be gladly sent on request 


Nuclear Instrument & Chemical Cor- 
poration,235 W. Erie St.. Chicago 10. HI. 


? 
rl 


nuclear - chicago 


The unit is 
Stabilizer 


needed, 
lL; xX ot <x 16 
used eliminates the washing 


250-ft ca- 


are not 
portable, 
solution 
Magazine has 


procedure 


pacity; several magazines may be 


loaded at one time. Solutions are 
thermostatically maintained at 100° F; 
drying-drum temperature is adjustable. 
Cumulative footage processed is shown 


on indicator (P-22 


Thermal Switch 

Control Products Inc., Sussex St., Har- 
The tvpe ASA-21-2 high- 
temperature thermal switch is designed 


ipplications up to 2,000° F. It 


rison, N. J. 


is maintained set calibration for 100 
it 1,500° F with a variation of 10° F. 
It is claimed to withstand any degree 
ershoot or undershoot up to the 
ilitv of the metal to stand the tem- 
perature rise It is available non mally 


pen Ol normally closed P-23 


Pressure Transducers 


Atlantic Research Corp., Electrome- 
chanical Div., Alexandria, Va. The 
models BC-10, BC-30, and BC-50 bar- 
nate pressure transducers are 

hed as transient pressure pickups 

quid and gaseous systems. The 

es produce voltage responses up to 


volts psi, flat 
f 3 eps to 75 keps 


oOvel Trequeney 


| eps to 40 
ind 0.5 eps to 30 keps respec- 
Sensitive elements are her- 


illy senled and covered with 


yprene sheath. Input resistances 


maintained above 500 


\lodels ine 


transient pressures ol 


megohms, 
suid to have with- 
10.000 psi 


5,000 
P-24 


pressures In e@XCess Ol 


Use post card insert in this issu 


Paper Electrophoresis Cell 

Matthew Laboratories, 345 Nep- 
perhan Ave., Yonkers 2, N. Y. The 
model PC 101 electrophoresis 


lor separation ol 


paper 
mixtures ot 
charged macromolecules, is constructed 

var, solvent-welded acrylic plas- 
tic. As many as five I-in. strips may 


be run simultaneously 





Electronic Decimal Calculator 


International Business Machines 
Corp., 590 Madison Ave., New York 
22,N.Y. The Magnetic Drum Caleu- 
lator Consists of a magnetic-drum unit 
with electronic calculating components, 
Input and output unit, and a converter 
It utilizes the stored-program concept 
of the IBM 701. 

plied using the punched-card system 
It has up to 20,000 memory 


Answers are Sup- 
positions 
and can accept as many as 2,000 in- 
lividual Operating instructions. The 
program may be entered automatically 
from punched cards or manually from 
the operator's console Input rate is 
200 cards a minute, and separate out- 


put is 100 cards a minute. P-26 


Rack-Mounted Oscillograph 


Allen B. Du Mont Laboratories, Inc., 
760 Bloomfield Ave., Clifton, N. J. 
The type 304-AR rack-mounted oscil- 
flat-faced type 


lograph mcorporates 
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rending range 








eale is 0.10-1.000 volts. full 


Frequency response is flat at e * 
| extends to 300 ke. 50% down. Hi-D 
s calibrated bv a push- 


ontrol on the operating panel, LEAD GLASS WINDOWS 
lies a standardizing potential IN CONCRETE WALLS 


P-27 
. . . Decontaminating Agent for 
Radioactive Deposits 


Once anything has been made 
radioactive, there is no way to 
destroy this radioactivity. But, 
radioactive contamination which 
is usually a deposit of insoluble 
compounds (metallic oxides) can 
be solubilized (chelated) with 
Versene and washed away with 
large volumes of water. This re- 
sults in great dilution and re- 
moves the danger. For deposits 
on exposed surtaces the addition 
of a good detergent formulation 
is recommended, In living or 
ganisms Versene has been used 
Hi-D teed Gloss Windows in con- experimentally to detoxify heavy 
eute walls ee dou, end hens ae metals and to help remove radio- 
active deposits. Send for sample. 
completely dependable. Where the Write Dept. I for Technical 
viewing problem is mainly wide- Bulletin No. 2. Chemical counsel 
angle vision, Hi-D Glass is fully com- available on request. 
petitive in price with zinc bromide. *Trade Mark Registered 


Pulse Generator 3 
Ca ae 


‘ LARGER SIZES NOW AVAILABLE 
Wang Laboratories, 296 Columbus = Vie - 
Ave., Boston 16, Mass. The Con- Send for circular GS-3A amidigd mode 


fluxer constant-charge pulse generator PENBERTHY’ 
can be used as a frequency meter, elec- ’ 
nen a ae en mew cee) | | BERSWORTH CHEVICAL CO. 


chometer, or digital-to-analog 
FRAMINGHAM, MASSACHUSETTS 


* TRADE 


WIDE ANGLE 
OF VIEW 








o 
tecide pimicald 
PCC 

















Input waveform with rise 





is O.] see is ssid still to 


oper operation. Minimum i‘ 





| 10 volts Resolution time 
4 | charge per pulse if pulses LAB DOLLY MODEL A 


ire more than 15 wsee apart. 


th & lets (1 ) 
wise rating is 200 volt-psec. wi 8 power outlets (1500 watts, 110 VAC) 
and a 10 foot heavy duty extension cord 
operation gives pulse voltage 
It peak and 3-usec pulse lura- * Ball Bearing Swivel Rub © Recommended by Lab 
ber Tired Casters oratories wherever 


imum output load is 2,500 
used 


rity is 0.2% P-28 * Constructed of Aluminum 

Features 2 Shelves for E 50 
Equipment and a pan for Price 49. » 
test leads, notebooks, etc. FOB Louisville, Ky 


TECHNICAL SERVICE CORP. 


1404 W. Market St. Louisville 3, Kentucky 











1. HV-1 DIFFUSION PUMP—a high speed oil-diffusion type pump with an ulti 
mate vacuum of 4 x 10-7 mm. Hg. designed for general service including nuclear science 
research or material processing. Among its features are 1) Speeds up to 67 liters /second 
2) Clear glass pump barrel, 3) Simple maintenance, 4) No liquid cooling, charcoal traps 
or mechanical wear 

2. 100-1G IONIZATION GAUGE—a triode vacuum type ionization gauge that 

Oscillosynchroscope will measure pressure from approximately 10-* mm. of mercury to 10-* of mercury 

Its Nonex glass can be sealed directly to exhaust systems employing Nonex or Kovar 
Browning Laboratories, Inc., 750 Main | sealing glass, and to Pyrex by means of a graded seal. It has no internal insulators, and 
St., Winchester, Mass. The model nethoet designed to provide long leakage paths between the plate and other 


OL-23 ose illosynehroseope prov ides | Complete Data Sent on Request. Write: 


1,000-volt accelerating potential, ver- | | se | EITEL- McCULLOUGH, INC © San Bruno, California 
| E 


tical amplifier bandwidth flat from xport Agents: Frazar & Hansen, 301 Clay St., S. F., Calif. 
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Speeds & Simplifies 
Nuclear Data Taking 


Convenience Now Added to 
the most reliable scaler 
yet devised! 


The famous Higinbotham binary 
circuit built into the simplest, 
most reliable Scale of 64 has 
vained a time-saving team mate. 
Now, with the Raychronix A-4 
Scaler you can obtain data faster 

and in the form you want it 
with the new Raychronix C-11] 
Count Rate Computer. This pair 
offers automatic counting and com 
puting to present answers directly 
in AVERAGE COUNTS PER 
MINUTE for the full 


period, Clinical laboratories say 


counting 


this system speeds counting pro 
cedures as much as four to five 
times. Why not find out now what 
the A-+ Sealer — C-11 Computer 
combination can do for you? No 


obligation. of course. 


Hr _\ 
RAYCHRONIX 
s iA 


Radioactive Products, Ine. 
143 West Congress 
Detroit 26, Mich. 


Please send data on your Scaler and Computer 


Name 

Title or Dept 
i 
Address_ 
= 


50-5000 pps; 


les to 10 Me with 0.15-volt sensi- 
tivity, peak to peak, per in., and 
recurrent sweeps from 
Built-in 


triggered ol 
0.1 usec ‘cm to 0.011 sec/em. 
generator produces output triggers of 
continuously variable 

circuit allows sweep to be delayed 

triggering source by 5-10,000 
psec under any triggered condition 
Svnchronization of recurrent, triggered 
or delayed triggered sweeps may be 


from any waveshape. P-29 


Nonreturn Valve Operator 


Askania Regulator Co., 240 E. Ontario 
St., Chicago 11, Ill. 

ilve operator makes a hydraulically 
operated nonreturn or check valve of a 


imple butterfly valve. 


This nonreturn 


Utilizing the 


ressures applied to upstream and 


lownstream diaphragms, the regulator | 


yperates the nonreturn valve to main- 


tain a constant low differential pressure 


oss the valve. \ reversal of pres- 


e® COUSeS the Valve to close The Op- 


itor is claimed to have a high power | 


' 
tput and to control large, tight-clos- 


ressure loss through the valve P-30 


Wide-Band D-C Amplifier 
Furst Electronics, 3322 W. Lawrence 
Ave., Chicago 25, Ill. The model 220 


le-band d-ce amplifier is designed to | 


e post card 


ilves, and to allow low permanent | ‘a 


# If you need effective, highly ye 


readable, smartly illustrated % 


‘sy company literature (booklets, * 
; pamphlets, manuals) to display # 
= your products, inform the public 

B of your operations, attract key ¥ 
% personnel to your plant, and per- 
f, form any of the other communi- < 
x cative functions vital to your 
: business, let TECHNICAL WRIT- 
» ING SERVICE do the job for you. 


E WRITING - 


EDITING 3 
ILLUSTRATING 
PRINTING 


: We produce your publications, to 3 


your specifications. We give com- @ 


RE plete service—from research and & 
2 planning through writing, design, 


and printing. Let our staff be ; 


* your staff. It will save you time @ 
> and money. ; 


— We Prepare — 


Ee EQUIPMENT MANUALS : 
& HANDBOOKS e 
*; BULLETINS e TRAINING AIDS 
& PAMPHLETS e REPORTS 
x BROCHURES e 


PRODUCT 


COMPANY 


HISTORIES e PARTS LISTS 


B= and other such special material. 


Write e Phone 


TECHNICAL WRITING SERVICE 
McGraw-Hill Book Co., Inc. 
330 W. 42nd St., N. Y. 36, N. Y. 
LOngacre 4-3000 
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sensitivity of cathode-ray 
with extended low-fre- 
mse and can be used to 

we of other instruments 

low frequencies are 

\ cross-coupled circuit 
ise-Inversion Tor equal re- 
ilanced or unbalanced in- 
When two different sig- 
yplied to the input terminals, 
acts as a differential amplifier. 
gain is adjusted to about 
ittenuators reduce this gain 
itely 10 and 1 (40, 20, and 
Output impedance is 2500hms 


1 120 ohms, push-pull P-3 


INDUSTRY NOTES 


P Radiation Detection Co., Station A, 
Box 155, Palo Alto, Calif., has changed 
ts name to Radiation Protection Div., 
Industrial Health & Hygiene Asso- 
ciates, with no change in address. 
Company policy is unaffected. 


Fischer & Porter Co., Hatboro, Pa., 
reated a Special Products Division 

elopment of special instruments 
ind instrument components to contract 
speciheations \Ir. Edward H. Muhl- 


sen is manager of the new division. 


® Medical-Electronics Development 
Co., Box 443, Great Neck, N = IS nOW 
repared to accept projects in the fields 

medicine, physiology, biology, and 
elated sciences where special electrical 


istrumentation may be required 


> Frederick H. Warren, formerly dep- 
ity directo A he Division of Con- 
nd Supply, announces the 


eonsulting engineering 


oted primarily to atomice | 


development services Address is 1518 
K Street, N. W., Washington 5, D. C. 


® Advanced Scientific Techniques Re- 
search Associates, Box 163, Milford, 
has been formed to offer 

ind development services 

nterest are nucleonics, auto- 

physical chemistry, 

ng, and thermodynamics 


nitine engineering work, 


LITERATURE AVAILABLE 


Water filters. Catalog 300 gives data 
sump and line-tvpe filters. Varvel 

nee nq C'o., 625 W. Jackson Blrd.. 

go 6, 1 (L-1 
Radiation detection equipment. Cat- 
ey 15 vives data on. electronic 
inter tubes, scintillation 

eulth instruments, glass 


ratus, special chemicals and gases, 


Vol. 12, No. 1 - January, 1954 





F2 


Ryan? 
- 


i 
- 


MASTER-SLAVE 
MANIPULATORS 


to meet a wide variety of remote-handling 
problems are now available from 
Central Research Laboratories 


The Model 4+ Master-Slave Manipulator, shown 
above, and other models, all developed from basic 
Argonne National Laboratory designs, are in cur- 
rent production. Manipulators with altered dimen- 
sions and special features can be supplied to meet 
individual problems. 


Write for further information, stating your special requirements. 


CENTRAL RESEARCH LABORATORIES, INC. 


DEPT. M.S., RED WING, MINNESOTA 
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SINTILON BRAND 


SCINTILLATION PLASTIC 


PULSE HEIGHT 
80% of STILBENE 
HIGH RESOLUTION 


Can be machined and is avail 
able in all sizes and shapes 
Material is efficient, durable 


and highly transparent 


National Radiac, Inc., also 
manufactures highest quality 
ANTHRACENE, STILBENE, DI- 
PHENYLACETYLENE, 
p-TERPHENYL, and CANNED 


SODIUM IODIDE Crystals. 


Vittowal Feedive INC. 


Dept. N-! 
10 CRAWFORD STREET 
NEWARK 2, N. J 








A copy of this quick-read- 
ing, 8-page booklet is yours 
for the asking. It contains 
many facts on the benefits 
derived from your business 
paper and tips on how to 
read more profitably. Write 
for the ‘WHY and HOW 
booklet.” 


McGraw-Hill Publishing Com- 
pany, Room 2710, 330 West 
42nd St., New York 36, N. Y. 


Radiation Counter Lab- 

9122 W Grrove St 

L-2 

Corrosion-resisting valves. Bulletins 
\ d B 


illustrate and give data on 


and safety and. relief 


Lives 


respectively. Associated Valve 


eering Co.. 1150 W Var cette 
cago 21 Til cm 


Panel meters. Specifications of 1! 
ind and square meters are give 
lel 112 and model 120 bulletins 


{msco 
Long Island City | \ ) 


Corp ¢ La-O] Vorthern 


Electronic system design. 


Pechniques-Designs provides 
sheets for ‘‘unitizing”’ 


{iden Products Co Dept 
Vass bi, » 


inning 
quipment 
HRB Brockton 


Cleaning solvents. Data chart lists 
eaning and degreasing solvents hi: 


flammability John B. Moore 
(or) Box 3. Nutley 10. N. J L-6 


Thermometer specifications. [uta 
heet gives recommended speciications 
itional-degree and general labo- 
vrade thermometers.  Scventzfi 


rratus Makers 
Wacker Dr.. Chicago 6. Ill L-7 


Assocration tO oN 


impulse counter. bolder 


Magnetic 


1 Hes impulse storing and marking 
(ie Ke 
AV Vonroe St., Chicago 


! L-S 


logg Suitchboard and Sup- 


Plane-grating spectrograph. Cuta- 
| B 10-53 desc ribes 3.4-mete! spec- 
ph Jarrell-Ash Co., 26 F 


Vass 


\¢ fa? / ‘ 


Speed reducers. Pata sheet no. 10 


WX | deseribes bantam-size”’ speed 


horse- 


and 0 


rs rated at ')9 
Vetron Instrument 


/ S/.. Denver 


) (Colorado L.-10 
Water demineralizing. Bulletin 5800 


ISSeES principles and uses of ion 


Cochrane 


4 Pa L-11 


we materials Corp 


P) rlade pha 
Radioactivity dosimeters. Bulletin 
0 gives data and price list of quartz 
letection equipment. Landsverl 
Klectrometer Co., 550 W. Garfield Ave 
Glendale 4, Calif -12 


boards. Bulletin 700 de- 
nstrument and 


nla I ectrica Kyuipment (0 
) Lis 


Control 


contre units. 


Caneinnati 1. Ohio 


Miniature gage-pressure  potenti- 


ometer Brochure Jo00 gives speech 


potentiometers 


Bourns 
35 Magnolia 


ranges 0-100 to O 5,000 ps! 
Le pl VL, 61 
Calif L-14 


Laboratories 


tre.. Riverside 


chronographs. 


watches having 


Stop watches and 


Catalog describes 
mechanism 
Park Place 


L-15 


nonbreak ible coil 


Herman H 
Ve Yor / \ } 


spring 


Sticht Co 27 


Laboratory items. Bulletin describes 


pipette rotor, stainless steel and poly- 
laboratoryware, ete A. 


Aloe Div. 
Kingsh iry St Lo as 12, Vo 


ethy rene 


jloe Co Sceventifu 


Frequency meters. \leters in ranges 


2 550 \le 


are described 
ishur / Park 
L-17 


from YOU to 
, ney Standards 


ey 


Hydraulic pumps. Selection data for 
hydraulic 
DP-300. The Neu 

Dudco Div., 1700 5 


Hazel Park, Miel 


viven 
York 
Vine 


L-1IS 


dual-vane pumps are 
in bulletin 


lor b 
Vile Rd 


Water 


126 dese 


the Co 


Bulletin 


ribes mixed-bed demineralizers 


demineralizers. 


with capacities of 50-2,500) gal In 
stead Still & Sterilizer Co dd) 


é T: rrace. Forest [ills Boston 
1-19 


\Miechan- 


Refrigeration cabinets. 
units for 


call refrigerated, O.S-ft 
I described in bul- 
Refrigeration Systems, Inc., Hud- 
646 W. Washington Blrd., 


1-20 


operation to 100 
letin 
son Bay Dia 


( hicago ¢ aT 


Laboratory apparatus. The 19th 
What’s New for the 

neludes chromatographic 
rapid-scanning spectropho- 


Sci- 


equipment 
ultraviolet lamps. 
Bloomfield 


1-21 


tometel ina 
entific Gla 


Pe 


1 pparatu s Co 


Sulletin 32 


hard- 
and micrometer testing 
instruments. J. W. Dice Co., 1 Engle 
St.. Englewood, N. J L,-22 


Nondestructive testing. 


deseribes ultrasonic, hydraulic 


demineralizet 


Laboratory demineralizer. 


manent cartridge water 


ding up to 10 gal hr is deseribed 
Penfield Mfg. Co., Ine 

Lie Ve riuden (C'onn 
L-23 


converter. Circular E11 
100-evele supply 


(‘orp Var msas. Va 1-24 


Frequency 


Georator 


describes 


Metal expansion bellows. Tempera- 


ture, corrosion, and vibration resistant 


bello for conveying gas and liquids 
bed in bulletin 300. Titefler 
Vewark 5 


L-25 
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NUCLEONICS ... 


Reprints Available 


A limited number of reprints from NUCLEONICS are available. Your order 


will be filled as long as supplies last. 


Except where a price is noted, a charge 


of 10 cents will be made for each reprint to cover handling costs. Please ad- 
dress your order to: Reprint Department, INUCLEONICS, 330 W. 42nd St., New 


York 36, N. Y. 


General 


AEC work who's doing it? What does it cost? July ‘52 

Bibliography on radiation detection, May ‘49 

Bibliography on radiation protection, June ‘49 

Undergraduate nuclear engineering curriculum at North Carolina 
State College. C. Beck, Dec. ‘50 

Stack meteoroloay and atmospheric disposal of radioactive waste 
N. Beers, Apr. ‘49 

Declassification problems in power reactor information. J. Becker 
ley, Jan. ‘53 

Secrecy in nuclear engineering, J. Beckerley, Jan. '52 

Civil defense and buyers’ guide, Nov. ‘51, price: 50 cents 

Gamma radiogrophy in the United Kingdom, W. Eastwood, 
July ‘51 

Wanted: reactor engineers, Feb. ‘52 

Radioactivity units and standards. R. Evans, Oct. '47 

Radioisotope procedures with farm animals. S. Hansard et al., 
July—Aug. ‘51 

Users of isotopes, Sept.—Oct. '49 

Industry's role in atomic energy (special report), June ‘52, price 
50 cents 

Education in atomic energy, editorial, June—July ‘50 

Policies on radiation exposure, editorial, June ‘53 

Radium hazard in an aircraft instrument shop. R. Skow, Mar. ‘52 

The hazard involved in the use of carbon-14. H. Skipper, Feb. ‘52 

Should the Atomic Energy Act be revised? (special report), 
Sept 53 


Nuclear Reactors and Power 


Nuclear reactor project at North Carolina State College. C. Beck, 
Jan 51 

Uses and limitations of a low-power nuclear reactor. C. Beck, 
Nov 51 

The Atomic Energy Act and the power question. B. Boskey, 
Oct. ‘52 

Fission-product potential of commercial reactors and their proc 
esses. D. Duffey, Oct. ‘53 

Economics of steam-temperature selection in nuclear power plants 
R. Elliott, Feb. '52 

Canadian facilities for isotope production and bombardment. 
F. Gilbert, Jan. ‘52 

Progress report on nuclear power. K. Kingdon, Apr. '52 

Selection of materials and equipment for reactors (special re 
port combined with reactor catalog), June '53, price: $1.00 

Engineering aspects of liquid metals for heat transfer. T. Trocki, 
Jan. ‘52 

Basic problems in central-station nuclear power. W. Zinn, Sept. 
52 


Biology and Medicine 


Preliminary report on anemia in mice resulting from irradiation of 
the exteriorized spleen. B. Allen, Mar. '53 

Internally administered isotopes for cancer therapy and new 
developments in teletherapy. M. Brucer, Mar.—Apr. ‘52 

Analysis of urine for gross radioactivity. F. Cowan, J. Weiss, 
Feb. '52 

Studies on EDTA treatment of internal radioactive contamination 
S. Cohn et al., Jan. ‘53 

Room protection measurements for cobalt-60 teletherapy units 
W. Dixon et al., Mar. '52 

How to get good gross autoradiographs of large undecalcified 
bones. W. Lotz et al., Mar. '52 

Activities induced in common foods by thermal-neutron exposure 
D. Peterson et al., Jan. ‘52 

Estimates on the concentration of radioiodine in sewage and 
sludge from hospital wastes. C. Ruchroft, S. Feitelberg, Dec. ‘51 

Handling of radicactive gold for therapeutic purposes. M. Ter 
Pogossian, A. Sherman, Mar. '52 

Apparatus for administration of colloidal gold-198. D. Tabern 
et al., Feb. '52 
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Physics and Chemistry 


Nuclear moments. F. Bitter, Oct. '49 

Estimation of neutron energy for first resonance from thermal 
neutron absorption cross section. D. Bogart, Oct. ‘52 

Microchemical methods used in nuclear research. B. Cunningham 
Nov 49 

High-energy nuclear physics. B. Feld, Feb. ‘53 

Neutron cross sections in the Mev region. M. Goldberg, May ‘53 

Determination of radium or radon in gases, liquids, or solids 
J. Hudgens et al., Aug. ‘51 

Determination of micromicrogram quantities of radium. J. Harley 
S. Foti, Feb. ‘52 

Self-scattering and self-absorption of betas by moderately thick 
samples. W. Nervik, P. Stevenson, Mar 52 

Radiation chemistry and sterilization of biological materials by 
ionizing radiations. J. O'Meara, Feb. '52 

Prevention of side effects in sterilization of foods and drugs by 
ionizing radiations. B. Proctor, S. Goldblith, Apr. '52 

Place in periodic system and electronic structure of the heaviest 
elements. G. Seaborg, Nov. ‘49 

Removal of radioactive waste from water. C. Straub, Jan. °52 


Instruments and Equipment 


co ion-chamber techniques for radiocarbon measurement 
G. Brownell, H. Lockhart, Feb. ‘52 

Low-rate alpha scintillation counter. B. Cassen et al., Oct. “49 

Backscattering of beta rays in windowless G-M_ counters 
D. Christian et al., May ‘52 

Tests on scintillation G-M tubes. V. Dagas et al., Jan, ‘52 

Argon-tetramethyl lead-methane proportional and Geiger coun 
ters. P. Damon, R. Overman, Jan. ‘52 

Production testing of multiplier phototubes. R. Engstrom et al 
Apr. ‘52 

Van de Graaff accelerators for sterilization use. F. Foster et al 
Oct. '53 

Mount, electronics and indicator for probe counter. T. Fields 
May ‘52 

Molded multi-crystalline stilbene for scintillation counting 
E. Farmer, |. Bernstein, Feb. 52 

Low-level counting techniques. A. Freedman, E. Anderson, Aug. ‘52 

A high-vacuum rotary seal. E. French, A. Newton, Mar. ‘52 

Pulse-height distribution analyzer. W. Glenn, June ‘49 

A simple low-drift electrometer. F. Glass, Feb. 52 

Hood and grasping device for work with radioisotopes. A. Garen 
C. Hlad, Dec. ‘50 

Response of G-M counters and photographic emulsions to high 
energy photons. G. Hine, Oct. ‘50 

Pulse amplitude analyzers for spectrometry. G. Kelley, Apr. ‘52 

Target assembly for cyclotron irradiation of liquids. W. Mc 
Donnell, A. Newton, Jan. '52 

Electronic apparatus for in vivo assay of plants. R. Martin 
Jan. ‘52 

Binary vs decade scalers (letter). R. Newell, Feb. ‘52 

Design and construction of a small radioactivity laboratory 
L. Preuss, J. Watson, May ‘50 

Practical aspects of radioactivity instruments (special report) 
June ‘51, price: 50 cents 

Performance of pulsed photomultipliers. R. Post, May ‘52 

Remote control engineering (special report), Nov. ‘52, price: 50 
cents 

Scintillation counter symposium, 1952 (special report), price 
50 cents 

An automatic scanner for paper radiochromatograms. S. Soloway 
et al., Apr. '52 

Pulse-height resolution and photosensitivity. R. Swank, W. Buck, 
May ‘52 

Slow-neutron detection by foils. C. Tittle, June—July ‘51 

Pulse-amplitude analysis in nuclear research. A. Van Rennes 
July—Oct. ‘52 

Cage-hood assembly for small animals. J. van Bruggen, Mar. '52 

Fast pulse circuit techniques for scintillation counters. F. Wells 
Apr. '52 

Hood for radioactivity work. S. Webster et al., Apr. 52 





KEL-F' 


TEFLON - 


Most Complete Line of Sheets, Rods, Tape, 
Tubing, Bars, Cylinders, Fabricated Parts 


Profit from our broad experience and completely modern special- 
ized facilities for rapid, low-cost production of these fluorocarbon 
“wonder” plastics. 


The finest dielectrics, especially for high frequency, high tem- 
perature service. Won't carbonize under arcing. Won't DC plate. 
Zero water absorption by ASTM test. Unaffected by extreme 
humidity. Chemically inert, non-gassing, immune to corrosive 
atmospheres, fungus, oil, solvents. Non-flammable, tough, resili- 
ent, withstand and absorb mechanical shock and vibration. 


Whatever your requirements, whether for stock or for custom 
machined or molded parts, your inquiry will receive prompt 
attention. Write for Bulletins No. 300 and 500. 


t Trademark 
M. W’. Kellogg Co. 


*duPont's trademark for 
its tetra fluoroethylene resin 
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THE 2000th LINEAR AMPLIFIER BY ATOM 


hit from this experience, a better Linear Amplifier 





for your laboratory 





























Atomic’s experience, gained in 
building these two thousand 
Amplifiers, is available to you 
today in a broader and more 
complete line of Linear Ampli- 
fiers for research. 

















Models 204B and 204C (shown) have achieved widespread acceptance by radio- 
activity research laboratories for reliability in proportional and_ scintillation 
counting techniques. Evolved from the original Oak Ridge circuit, these instruments 
are modestly priced, yet offer excellent linearity over their entire operating range. 


Features common to both models include: 

GAIN CONTROL — by coarse attenuator, in 6db steps to 30db 

INPUT CIRCUIT designed to be driven by low impedance source (model 
205 Preamplifier). Amplifier can be utilized alone with either positive or 
negative input signals. 

TWO OUTPUTS — low level to drive a coaxial cable to 5v., 1500hms; higa 
level to maximum signal of 100v. 

DISCRIMINATOR — precision calibrated pulse amplitude discriminator operates 
at high level output. 


Model 204B has a three-position switch for selecting the pulse shaping time 
constants. Maximum voltage amplification is 15,000. 


Model 204C has separate switches for selecting the amplifier rise time (0.2-2 usec.) 
and the pulse decay time constant (0.16-16 usec.) over a wide range of values. 


LATEST OAK RIDGE DESIGN OFFERS ADDED FEATURES 


Patterned after the latest Oak Ridge design Al-C Amplifier, the Model 217 offers 
greater stability and better linearity for more precise counting techniques. 
New-Design Features: 

more electrostatic shielding of amplifier and discriminator, 

separate transformer to supply filament voltage to preamplifier, 

hermetically sealed transformers and chokes throughout, 

Model 217 a helical potentiometer for precise selector control, 
improved overloading characteristics. 


A variant, designated Model 218 is similar to the Model 217 except for the addition 
of a “Test Pulse Input’ receptacle and a “Use-Test” switch for feeding low 
amplitude calibrating signals from a pulse generator into the last feedback loop 
to facilitate use with a pulse height analyzer. 
CONDENSED SPECIFICATIONS 
For full information on 
Atomic’s linear amplifiers and Linearity: Within 1, from 0 to 90 volts output 
preamplifiers please request Bandwidth: Delay line (2.0MC) 9.5MC 0.1MC 
Bullet, 00-] Rise Time: 0.2usec 0.7usec. 5.Ousec 
uletIn 2UU-s. Decay Time: 0.8usec. 5.0usec. 25usec 
Maximum Gain: 1,600 6,000 12,000 


(High Level) 


SALES REPRESENTATIVES 
ATOMIC Se ony | BetEetts See. 
A -— P.O. . , mM, 

Cc @) M P A N Y KITTLESON COMPANY — Los Raasion 40. Gaede 


Branch Offices —— San Francisco, California — Albuquerque, 
84 MASSACHUSETTS AVE. CAMBRIDGE 39, MASS. New Mexico 
PROFESSIONAL EQUIPMENT CO. — New Hoven, Conn. 
Branch Office — 149 Broadway, New York, N. Y. 
Linear Amplifiers, Scalers, High Voltage Supplies, Scintillation Counters, W. A. BROWN & ASSOC. — Alexondria, Virginia 
Branch Offices — Atlanta, Georgia — Charlotte, N. C. — 














Count Rate Meters, Coincidence and Anticoincidence Instruments, — ampo, Flo. — Greenville, $. C. 
r : . CANADIAN MARCONI, LTO. — Montreal, P. 9., Canada 
Differential Pulse Height analyzers, Accessories. Bronch Office — Toronto, Ont., Canada 


Wont more information? Use post card insert in this issue 





HOW TO TEACH A MISSILE 
to read a map 


























Zwish! And off goes a missile. But where? And how to stay on the 
right track? And how to find the target? That’s the problem Ford 
Instrument is helping to solve. 

This is typical of the problems that Ford has been given by the 
Armed Forces since 1915. For from the vast engineering and pro- 
duction facilities of the Ford Instrument Company, come the 
mechanical, hydraulic, electromechanical, magnetic and electronic 
instruments that bring us our “tomorrows” today. Control problems 
of both Industry and the Military are Ford specialties. 
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"a 12 
You can see why a job with Ford Instrument offers young @® 
engineers a challenge. If you can qualify, there may be FORD INSTRUMENT COMPANY 
a spot for you in automatic control development at Ford. 

DIVISION OF THE SPERRY CORPORATION 


Write for brochure about products or job opportunities. | 
State your preference. 
J 31-10 Thomson Avenue, Long Island City 1, N. Y. 
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